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STEREOSCOPIC  VISION 

AND  ITS   RELflTION  TO  INTENSITY  AND  QUALITY  OF 
LIGHT  SENSATION 


FIRST    ARTICLE 


STEREOSCOPIC   VISION 'AND   INTENSITY 
BY 

T.  R.  ROBINSON,  B.A. 


STEREOSCOPIC  VISION  IN  ITS  RELATION  TO  INTEN- 
SITY OF  LIGHT  SENSATION 


I.  INTRODUCTION — STATEMENT  OF  THE  PROBLEM 

Experimental  psychology  no  longer  needs,  as  at  an  earlier 
day,  to  defend  its  claim  to  a  place  among  the  sciences.  The 
fact  is  now  generally  and  cordially  recognized  that  even  those 
phenomena  of  experience  which  are  within  the  domain  of 
physical  science  cannot  be  fully  understood  until  they  have 
been  regarded,  not  only  from  the  abstract  point  of  view  of  the 
physical  sciences,  but  also  from  the  direct  standpoint  of  psy- 
chology, i.e.,  the  standpoint  of  immediate  experience.  The 
best  proof  of  this  fact,  if  proof  were  still  needed,  would  be 
furnished  by  such  subjects  as  that  of  which  the  following 
pages  treat,  subjects,  namely,  which  lie  on  the  borderland  of 
the  physical,  the  physiological  and  the  mental,  and  are  of 
about  equal  interest  to  each  of  these  sciences.  We  are  landed 
in  glaring  inconsistencies  and  contradictions  of  actual  experi- 
ence if  we  attempt  to  treat  such  a  subject  as  visual  perception 
of  depth  or  distance  from  a  purely  physiological  standpoint. 
An  excellent  illustration  of  this  is  afforded  by  a  recent  article 
of  Storch.1  In  an  earlier  article,  Dr.  Storch  had  discussed 
the  point  that  the  perception  of  an  object  does  not  consist  sim- 
ply in  a  complex  of  sensations,  but  that  in  addition  there  is 
a  spacial  element  which  is  essential  to  the  perception  of  an 
object.  This  spacial  element  in  all  our  perceptions,  he  now 
goes  on  to  say,  must  rest  on  the  same  material  process  in  the 
cortex  :  so  that  we  have  a  nervous  organ,  the  excitation  of 
which  comes  into  our  consciousness  as  space.  He  calls  this 
organ  the  stereo-psychic  field,  and  its  anatomical  elements 
stereons.  Each  stereon  sends  its  dendrites  into  our  several 
sensoria,  and  stretches  its  neurites  into  the  motorical  zones. 
In  the  stereons  three  different  chemical  actions  are  going  on, 
each  of  which  is,  as  to  its  intensity,  independent  of  the  others. 
These  processes  we  do  not  notice  directly.  We  notice  only  the 
acceleration  and  retardation  of  them.  To  these  three  "chem- 

1  Der  Wille  und  die  raumliche  Moment  in  Wahrnehmung  und  Vorstellung. 
(Pfluger's  Archiv,  XCV,  305  etc.) 
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isms,"  or  chemical  processes,  corresponds  the  arrangement  of 
the  perceived  points  in  the  directions  right  and  left,  up  and 
down,  near  and  far.  The  orientation  is  not  given  alone  by 
the  sense  of  sight,  but  can  be  furnished  just  as  well  by  the 
ear  labyrinths  and  by  all  other  sense-organs.  "Whether  the 
changes  in  the  stereo-psychical  field  happen  from  inner  or 
outer  causes,  they  must  always  appear  in  our  consciousness 
as  one  of  the  possible  combinations  of  three  elements,  as  line, 
surface  or  solid,  as  direction-complexes  of  one,  two  or  three- 
dimensional  nature." 

Without  entering  into  a  discussion  of  this  alleged  "space- 
organ"  it  will  suffice  to  point  out  some  of  the  assumptions 
which  Storch  finds  it  necessary  to  make  in  the  application  of 
his  theory  to  experience.  In  the  first  place,  he  distinguishes 
between  what  he  calls  the  "visual  form"  and  the  "real  form" 
of  perceived  objects.  "Neither  in  monocular  nor  in  binocular 
vision  is  the  spacial  arrangement  and  form  of  the  things  which 
we  really  perceive  simply  the  subjective  aspect  which  is  given 
by  the  stimulus.  Entirely  without  our  will  the  visual  form 

is  suppressed  by  the  real  form  of  the  object The  spacial 

element  of  visual  perception  has  two  components,  one,  inde- 
pendent of  all  experience,  is  caused  by  the  stimulus.  This  is 
the  visual  form,  which  comes  into  our  consciousness  as  certain 
complexes  of  a  two  or  three-dimensional  nature."  This  visual 
form  or  space  component  furnished  by  the  senses  Storch  calls 
the  immediate  element  of  visual  perception.  The  other  com- 
ponent, which  partially  or  completely  suppresses  the  former, 
is  the  real  form  of  the  thing,  which  Storch  calls  the  mediate 
spacial  element,  or  associative  component  of  visual  percep- 
tion. This  distinction  of  real  form  from  visual  form  involves 
a  strange  confusion  of  thought,  and  is  wholly  inconsistent 
with  Storch 's  theory.  If  the  "form"  given  in  the  stimulus  is 
not  seen,  but  is  suppressed  or  altered  by  something  else  called 
the  "real  form,"  why  call  the  former  "visual"  ?  Again,  on 
Storch 's  theory,  since  complexes  of  sensation  have  not  spacial 
quality  without  the  excitation  of  a  special  "space-organ,"  it 
must  be  through  the  excitation  of  that  organ  that  we  get  the 
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form  that  we  perceive  ;  else  whence  comes  the  "real"  form  ? 
For  if  the  latter  is  furnished  neither  in  the  sensation  complex 
nor  by  the  stimulation  of  the  "space-organ,"  whence,  on  this 
physiological  basis,  do  we  get  it  ? 

Another  curious  expression  employed  in  the  development 
of  this  physiological  theory,  and  one  to  which  its  author 
attaches  much  significance,  is  the  "absolute  size"  of  objects. 
It  is  clear,  he  says,  that  if  we  had  nothing  but  visual  percep- 
tions we  should  never  attain  to  the  presentation  of  real  object 
forms.  There  is  another  necessary  property  of  objects  seen, 
which  cannot  be  explained  by  the  perception  simply  ;  it  is  the 
absolute  size.  "  Halte  ich  meine  Hand  etwa  25  cm.  von  meinem 
Gesicht  entfernt,  so  erscheint  sie  nun  keineswegs  doppelt  so 
gross  als  in  50  cm.  Entfernung.  Ich  sehe  sie  in  beiden  Fallen 
in  ihrer  wirklichen  Grosse.  Den  Grossen  der  Netzhaut-bilder 
gemass  durfte  das  nicht  der  Fall  sein."  But  on  this  point  the 
author  of  the  theory  has  simply  allowed  it  to  mislead  him  as  to 
the  facts.  The  experiment  has  but  to  be  tried  to  show  at  once 
that  the  case  is  just  exactly  as  he  says  it  is  not.  The  hands 
are  somewhat  too  large  to  be  conveniently  compared  at  the 
distances  at  which  they  can  be  held.  But  if  the  experiment 
be  made  with  two  coins,  say  a  ten-cent  piece  and  a  half-dollar, 
the  former  held  about  a  foot  from  the  eye,  the  latter  about 
two  feet,  they  appear  equal  in  diameter.  To  perceive  them 
so  it  is  only  necessary  to  pay  attention  to  what  is  seen,  and  to 
avoid  being  influenced  by  what  is  known  regarding  the  physical 
measurements  of  the  objects.  The  same  remark  applies  to 
the  other  case  cited,  that  of  a  grown  person  on  the  opposite 
side  of  the  street  appearing  larger  than  a  child  near  to  the 
observer,  although  the  retinal  image  of  the  latter  is  greater. 
This  would  never  occur  if  the  grown  person  were  dressed  like  a 
child,  and  had  not  about  him  any  of  the  signs  which  in  our 
past  experience  have  been  associated  with  larger  size.  What 
happens  in  this  case  is  that  we  pay  attention  to  the  memory- 
image  associated  with  a  certain  dress,  etc.,  rather  than  to  what 
we  actually  see.  Dr.  Storch,  indeed,  comes  very  near  to 
acknowledging  this  in  his  remark  about  the  necessity  of  learn- 
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ing  perspective  drawing,  which  he  illustrates  by  the  known 
fact  that  children  drawing  a  face  sometimes  draw  the  nose  as 
in  profile  and  then  add  the  two  eyes  and  the  mouth.1 

These  examples  of  the  facilith  with  which  the  attempt  to 
account  for  facts  of  visual  perception  upon  a  purely  physio- 
logical basis  leads  to  assumptions  which  are  quickly  disproved 
by  reference  to  the  facts  themselves  show  the  necessity  for 
supplementing  the  physical  and  physiological  investigations 
by  psychological  experiment,  i.e.,  by  careful  examination, 
under  controllable  conditions,  of  the  facts  as  they  are  directly 
known  to  us.  Storch's  work  having  been  referred  to  as  an 
illustrative  case,  mention  may  be  made  of  another  assumption, 
which  is  common  to  him  and  to  others  who  have  dealt  with 
this  subject,  viz.,  that  in  monocular  vision  we  have  only  lines 
and  surfaces,  but  no  depth.  This  is  very  far  from  being  in 
accordance  with  the  facts.  In  monocular  vision  there  are 
factors  of  depth  perception  the  development  of  which  in  the 
case  of  persons  who  have  suffered  the  loss  of  one  eye  may 
result  in  an  estimation  of  distances  no  less  accurate  than  that 
of  people  with  two  eyes.  Indeed  to  speak  of  perceiving  a 
surface  without  having  the  third  dimension  at  all  is  obviously 
self-contradictory.  If  a  person  sees  a  surface,  that  surface 
must  lie  at  some  distance  from  him.  For  he  would  not  even 
see  a  surface  unless  he  himself  were  outside  the  surface.  But 
in  being  outside  the  surface  which  he  sees,  he  already  has  the 
third  dimension.2  The  perception  of  depth  is  not  entirely 


iSee,  for  a  discussion  of  this  latter  subject  from  a  more  thorough  stand- 
point, Kirschmann's  Die  psychologisch-usthetische  Bedeutung  des  lAcht-  und  Farben- 
contrastes  (Philos.  Stud.  VII,  p.  362),  and  the  book  published  under  the  pseu- 
donym of  C.  E.  Rasius,  RecMe  und  Pfl.ichten  der  Krilik,  p.  91.  Kirschmann 
points  out  that  we  need  to  learn  perspective  drawing  only  in  order  to  undo  the 
influence  of  prejudice  or  prepossession.  He  claims  that  a  correct  observer, 
who  is  able  to  separate  that  which  he  sees  from  that  which  he  "knows"  is 
there,  is  able  to  draw  perspectively  correctly,  without  having  ever  learned 
perspective.  The  expert  draughtsman  needs  the  rules  of  perspective  just  as 
little  as  the  philosopher  or  scientist  the  rules  of  formal  logic. 

2 Fide.  Kirschmann,    Die  Dimensionen    des    Raumes,  pp.  27  and  97  ( I/eip 
zig  :     Wilhelm  Engelmann,  1902). 
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dependent  upon  the  "double  eye."1  The  purpose  of  binocular 
co-operation  is  not  to  give  us  the  third  dimension,  but  to  facili- 
tate the  accurate  measurement  and  comparison  of  distances. 

In  stereoscopic  vision  there  are  three  elements  which  affect 
the  completeness  and  mode  of  the  combination  of  the  impres- 
sions upon  the  two  retinas.  These  are  the  similarity  or  dis- 
similarity of  the  two  impressions,  (i)  spacially,  i.e.,  in  size, 
form  and  position-relations,  (2)  in  quality  of  light  sensations, 
or  colour,  (3)  in  intensity  of  light  sensation,  or  brightness. 
When  the  two  retinal  impressions  are  exactly  alike  in  all  these 
respects  the  result  is  simple  binocular  combination:  i.e.,  there 
is  a  single  image,  which  has  not  the  stereoscopic  depth  or  dis- 
tance effect,  but  is  exactly  similar  to  the  monocular  images, 
except  in  some  cases  in  being  brighter.  (It  is  an  interesting 
fact  that  there  is  no  summation  of  saturations,  as  there  is  of 
intensities.)  When  the  retinal  images  are  spacially  different 
there  are  two  possibilities:  (a)  that  though  different  in  size, 
form,  or  position-relations  they  are  stereoscopically  combined 
into  a  single  image  with  enhanced  depth  effect;  (6)  that  they 
are  so  different  as  not  to  unite,  in  which  case  "double  images" 
will  result.  Differences  in  intensity  or  quality  of  light  between 
the  two  retinal  images  may  result  in  a  variety  of  ways. 
The  images  may  combine;  one  may  suppress  the  other;  or 
there  may  appear  the  "competition"  of  the  vision-fields,  the 
images  alternately  replacing  each  other. 

The  object  of  the  present  investigation  may  in  general 
terms  be  described  as  being  to  discover,  (i)  the  limits  of  pos- 
sibility of  combination  for  images  of  different  colour  or  bright - 

1  There  are  two  views  held  with  regard  to  the  chief  factor  of  monocular 
depth  perception.  The  one  claims  that  the  muscular  sensations  which  accom- 
pany the  changes  of  accommodation  are  chiefly  responsible  for  the  perception 
of  depth  (Baird  :  The  Influence  of  Accommodation  and  Convergence  upon  the 
Perception  of  Depth,  in  Am".  Journ.  of  Psych.,  XIV,  150-200).  The  other  view, 
which  admits,  of  course,  that  accommodation  is  a  factor,  though  a  subordinate 
one,  claims  that  the  chief  data  for  depth -perception  in  monocular  vision  are, 
for  the  near  surroundings,  furnished  by  the  parallax  of  indirect  vision.  This 
latter  view  is  strongly  supported  by  the  fact  that  in  very  important  parts  of  the 
vision  field,  where  binocular  vision  is  excluded,  we  have  distinct  and  sharp 
depth  perception,  absolutely  independent  of  accommodation.  (Kirschmann, 
Die  Parallaxe  des  indire^en  Sehens  und  die  spaltfo  rmigen  Pupilien  der  Katze,  in 
Philos.  Stud.  IX,  447-495.) 
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ness;  (2)  the  relation  to  combination  of  contours  and  to  stereo- 
scopic depth  of  such  differences  in  the  colour  or  the  brightness 
of  the  images  upon  the  respective  retinas.  In  such  an  in- 
vestigation the  question  of  intensity  naturally  comes  first. 
For  in  stereoscopic  combination  the  effect  of  the  co-operation 
of  the  two  eyes  is  three-fold:  (i)  the  images  are  combined  so 
as  to  present  the  appearance  of  a  single  surface;  (2)  with  regard 
to  contours,  there  are,  as  mentioned  before,  three  possibilities, 
(a)  that  they  coincide,  (6)  that  they  are  incongruent,  but  com- 
bine into  a  single  three-dimensional  image,  (c)  that  they  do 
not  combine  ("double  images") ;  (3)  there  is  frequently,  though 
not  always,  a  change  of  brightness  from  that  of  the  monocular 
images.  Our  first  investigation,  therefore,  will  be  concerning 
the  relative  brightness  of  monocular  and  binocular  vision. 

II.  COMPARISON  OF  MONOCULAR  AND  BINOCULAR  INTENSITIES 

This  question  of  the  relative  brightness  of  monocular  and 
binocular  vision  at  once  opens  up  some  very  interesting  prob- 
lems. By  the  earliest  investigators  it  was  found  that  the 
same  object  appears  brighter  when  looked  at  with  both  eyes 
than  when  regarded  with  only  one.  Jurin,  in  1755,  fixed  the 
relation  as  13:12.  Valerius,  in  1873,  by  a  more  accurate 
method  of  investigation,  showed  that  the  increase  or  decrease 
of  brightness  by  the  admission  or  exclusion  of  the  second  eye 
varied,  with  different  absolute  intensities,  from  about  ^  to 
|,  though  Valerius  himself  did  not  think  the  absolute  bright- 
ness had  anything  to  do  with  the  result.  These  early  investi- 
gations are  not  very  conclusive,  first,  because  the  methods  of 
experimenting  were  not  sufficiently  accurate,  secondly,  be- 
cause they  ignore  the  fact  that  it  is  not  physical  intensities 
but  intensities  of  sensation  that  are  being  compared,  and  hence 
neglect  the  subjective  conditions  which  must  affect  the 
results.  The  investigations  of  Fechner  and  Aubert  upon  this 
point  have  established  two  facts.  They  proved  that  by  placing 
before  one  eye  a  smoked  glass  which  absorbs  comparatively 
little  light  there  may  be  produced  as  great  a  darkening  of  the 
common  vision-field  as  is  produced  by  a  glass  which  absorbs 
very  much  more  light.  For  instance,  if  the  light  admitted  to 
the  unobscured  eye  be  represented  by  1000,  the  total  intensity 
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is  the  same  when  the  other  eye  looks  through  a  glass  which 
admits  55  parts  of  light  as  when  it  looks  through  a  glass  which 
admits  500;  while  the  admission  of  100  parts  of  light  to  the 
second  eye  has  about  the  same  effect  as  the  admission  of  200. 
The  points  of  equal  darkening  are  called  by  them  "conjugate 
points,"  and  between  these  points  lies  what  they  designate 
as  the  "minimum  point,"  or  point  of  greatest  darkening  of 
the  common  vision -field  by  the  obscuration  of  one  of  the  eyes. 
When  this  point  has  been  reached  a  decrease  of  the  light  ad- 
mitted to  the  second  eye  has  the  same  effect  as  an  increase, 
viz.,  it  increases  the  total  brightness.  They  also  showed  that 
when  one  eye  is  partly  obscured  by  a  smoked  glass  or  episko- 
tister,  the  closing  of  that  eye,  or  the  total  cutting  off  of  the 
light  from  it,  may  result,  under  certain  conditions,  in  a  bright- 
ening of  the  common  vision-field.  This  latter  is  the  phenom- 
enon known  as  "Fechners  paradox,"  the  paradox  consisting 
in  the  fact  that  a  decrease  in  the  intensity  of  physical  stimulus 
is  followed  by  an  increase  in  the  intensity  of  sensation.  With 
this  "paradox"  as  a  starting  point,  some  experiments  were 
made  by  the  writer  for  the  purpose  of  clearing  up  somewhat 
this  question  of  the  relation  of  binocular  and  monocular  in- 
tensities. Before  referring  to  the  results  of  these  experiments, 
however,  it  is  necessary  to  define  more  closely  their  object. 
There  are  two  questions  which  do  not  seem  to  have  been  very 
clearly  distinguished  by  previous  investigators.  One  is  the 
question  to  what  extent  an  object  appears  brighter  or  darker 
according  as  it  is  regarded  continuously  under  similar  condi- 
tions with  one  eye  or  with  two.  Here  we  have  to  do  with  a 
continuous  state  in  co-operation  or  non-co-operation.  The 
other  question  is,  how  much  intensity  is  added  to  that  of 
monocular  vision  by  the  addition  of  the  second  eye,  or  sub- 
tracted from  that  of  binocular  vision  by  the  closing  of  one 
eye.  The  point  here  is  the  immediate  effect  of  a  change. 
Looking  at  it  from  the  former  standpoint  we  have  to  seek  for 
an  equation  between  binocular  and  monocular  intensities. 
From  the  latter  standpoint  the  question  presents  itself  as 
lollows:  for  every  intensity  in  monocular  vision  there  exists 
a  certain  intensity,  the  admission  or  non-admission  of  which 
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to  the  other  eye  has  no  effect  on  the  total  intensity.  To  find 
for  some  cases  these  physical  intensities,  which,  as  regards 
the  intensity  of  light  sensation,  are  entirely  ineffective,  was 
the  purpose  of  the  experiments.  Fechner's  paradox  (that  if 
one  eye  is  partially  obscured  by  a  smoked  glass  or  similar 
means,  the  closing  of  that  eye  is  followed  by  brightening  of 
the  whole  visual  field)  had  been  found  to  occur  only  when  a 
glass  or  episkotister  was  used  which  absorbed  most  of  the 
light.  On  the  other  hand,  if  one  were  used  which  absorbed 
comparatively  little  light,  on  the  closing  of  the  partially  dark- 
ened eye  the  whole  visual  field  appeared  darker.  Between 
these  limits,  therefore,  there  must  be,  in  analogy  to  Fechner's 
and  Aubert's  ''minimum  point,"  an  indifference  point,  where 
no  difference  will  appear  in  the  brightness  of  the  common 
visual  field  on  the  closing  of  one  eye.  That  point,  then,  is 
what  the  experiments  sought  to  discover. 

The  apparatus  used  and  the  method  of  experimenting  have 
been  fully  described  elsewhere.1  The  results,  however,  are 
of  such  importance  for  the  present  investigation  as  to  warrant 
the  reproduction  of  the  tables  here  in  a  modified  form. 


TABLE  I.     OBSERVER  K.     LEFT  SIDE. 


Description  of  Light  Used 

Photometric- 
ally 
Determined 
Intensity 

Amount  of  Light  for  the  Second  Eye 
Inefficient  for  the  Brightness  of 
the  Common  Vision  Field 

a. 

In  Degrees 
of  the 
Episkotister 

b. 

In  Units  of 
Intensity 

c. 
Ratio  of  the 
Intensity  for 
the  Other 
Eye 

32  c.p.  lamp  +  2  sheets  of 
white  paper  and  10  tissue 
papers  . 

I2(?) 
I2O 
2IO 

360 

i»7*° 

78° 
68° 

63° 

52° 

•35 

2  .60 
22  .  66 

36.75 

52  .  oo 

35 

21 

18 
17 
14 

32  c.p.  lamp  +  10  t.p  

32  c.p.  lamp  +     6  t  p  .  .  .    . 

32  c.p.  lamp  +     4  t.p  

32  c.p.  lamp  +     2  t.p  

1  Experiments  on  Fechner's  Paradoxon,  (Am.  Jour,  of  Psych.,  vii,  9-25.) 
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TABLE  II.     OBSERVER  K.     RIGHT  SIDE. 


II 


Description  of  Light  Used 

Photometric- 
ally 
Determined 
Intensity 

Amount  of  Light  for  the  Second  Eye 
Inefficient  for  the  Brightness  of 
the  Common  Vision  Field 

a. 

In  Degrees 
of  the 
Episkotister 

b. 

In  Units  of 
Intensity 

e. 
Ratio  of  the 
Intensity  for 
the  Other 
Eye 

32  c.p.  lamp 
white  paper 
papers  .... 

4-   2  sheets  of 
and  10  tissue 

«(?) 
I2O 
210 
360 

132*° 
I07° 
77° 
73° 
68° 

•36 
3o6 
25.66 
42.58 
68.00 

-36 
.29 

.  21 
.20 
.  I& 

32  c.p.  lamp  + 
32  c.p.  lamp  -f 
32  c.p.  lamp  -r 
32  c.p.  lamp  + 

10  t.p  .  . 

6  t.p  .  . 

4  t.p..  . 

2  t.P..  . 

TABLE  III.    OBSERVER  R.     AVERAGE  OF  LEFT  AITD  RIGHT  SIDES. 


Amount  of  light  for  the  second  eye 
inefficient  for  the  brightness 


D     nt 

PHOTOMETRI-  . 

CJU.LY 

a. 

b 

LIGHT  USED 

DETERMINED 
INTENSITY 

In  Degrees 

of  the 

In  Units 
of 

Ratio  of  the 
Intensity 

Episkotister 

Intensity 

Other  Eye 

32  c.  p.  lamp  +  2  sheets  of 

white  paper  and  10  tissue 

papers.  . 

I 

165° 

•  41 

•  45 

32  c.p.  lamp  -•-  10  t.p  

I2(?) 

122° 

4.  06 

.  77 

32  c.p.  lamp  -r  6  t.p  

I2O 

100° 

27.27 

.  27 

32  c.p.  lamp  +  4  t.p.  .  . 

2IO 

77° 

44  .  01 

.  21 

32  c.p.  lamp  -r  2  t.p  

360 

64° 

64.00 

-  17 

1 

Examination  of  Tables  I-III  will  show  that  the  results  of 
the  experiments  which  are  significant  for  the  present  inquiry 
are  two : 

(i)  The  first  is  the  dependence  upon  the  absolute  intensity 
of  the  proportion  of  the  full  light  which  can  be  admitted  to 
the  second  eye  without  effect  upon  the  total  brightness.  This 
dependence  appears  throughout  the  tables  in  such  an  obvious 
and  regular  manner  that  it  is  surprising  that  it  has  escaped 
the  notice  of  previous  investigators.  But  as  regards  the 
relative  intensities  of  monocular  and  binocular  vision,  this 
dependence  means  that  the  ratio  of  those  intensities  to  each 
other  cannot  be  exactly  determined,  because  it  is  not  a  con- 
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stant  ratio.  It  varies  with  the  absolute  intensity.  For  small 
absolute  brightness  the  proportion  of  the  light  admitted  to 
the  second  eye  without  increasing  the  total  brightness  is  much 
greater  than  for  higher  intensities. 

(2)  The  second  fact  of  especial  interest  is  that  the  proportion 
of  the  full  light  which  can  be  admitted  to  the  second  eye 
without  effect  upon  the  brightness  of  the  common  visual  field 
is  in  all  cases  so  large.  The  proportion,  according  to  the 
above  tables,  varies  from  about  one-seventh  to  nearly  one-half, 
with  different  observers  and  under  different  conditions.  In 
some  subsequent  experiments,  it  was  found*  that  with  lower 
absolute  intensities  the  proportion  was  more  than  one-half. 

The  bearing  of  the  first  of  these  results  upon  the  theme  of 
our  inquiry  will  be  more  apparent  when  we  come  to  discuss 
the  relation  of  light  intensity  to  stereoscopic  depth  perception. 
At  present  the  second  result  seems  to  possess  more  direct  inter- 
est. The  reason  (apart  from  the  operation  of  Weber's  law) 
for  the  relatively  slight  effect  of  the  light  admitted  to  the 
second  eye  upon  the  brightness  of  the  common  visual  field  is 
of  course  that  the  purpose  of  the  co-operation  of  the  two  eyes 
is  not  to  increase  the  brightness,  but  to  accomplish  those 
parallactic  relations  which  are  the  principal  means  of  binocular 
depth  perception.  The  question  at  once  suggests  itself,  how- 
ever,— is  the  amount  of  light  in  the  second  eye,  which  is  in- 
effective as  regards  the  total  brightness,  the  same  as  the  least 
amount  necessary  for  the  stereoscopic  combination  of  the  two 
retinal  images?  Thus  we  come  to  the  second  step  in  our  in- 
vestigation. 

III.  THE  RELATION  OF  INTENSITY  OF  LIGHT  SENSATION  TO  THE 
STEREOSCOPIC    PERCEPTION    OF    DEPTH 

This  branch  of  the  subject  has  also  been  investigated  by 
an  experimental  method  which  is  fully  described  in  an  earlier 
publication.1  Those  experiments  had  for  their  object  to 
determine  the  least  amount  of  light  which  must  be  admitted 

1  Light  Intensity  and  Depth  Perception.     (Am.  Jour,  of    Psych.,  vol.  VII,  pp~ 
518-532.) 
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to  the  second  eye  in  order  to  produce  the  stereoscopic  effect, 
and  to  find  whether  or  not  that  amount  is  the  same  as  the 
amount  of  light  which  in  the  second  eye  is  inefficient  as  re- 
gards the  comparative  light  intensities  of  monocular  and  bino- 
cular vision.  As  in  the  present  papers  some  further  experi- 
ments upon  this  point,  both  with  colourless  and  with  coloured 
light,  will  be  reported,  the  tabulated  results  of  the  former 
experiments  are  inserted  here  for  the  purpose  of  comparison. 
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AMOUNT  OF  LIOHT  IN  THE 
SECOND  EYE  WHICH  HAS  NO 
EFFECT  ON  THE  BRIGHTNESS 
OF  THE  COMMON  VISUAL  FIELD 

c. 
Ratio  of 
the  Light 
in  the 
Other  Eye 

M    PO  POCO  <5  CO  00  00    10  l>-  N    10  c» 
*^--<t^-''3-io^--r|-POPOPf    rO<N    0) 

*These  figures  represent  the  averages  of  a  number  of  cases  in  some  of  which  a  partial  effect  remained  with  a  smaller 
opening  than  the  disc  was  graduated  to  measure  exactly;  the  minimum  point  was,  in  those  cases,  taken  as  o. 

b. 

Units  of 
Intensity 

w    MOO    PO  ot  f^  M    O    O->  H    ••*•  POCO 
^-  <s  \O    P)    HI    M   i/l  P)  vO    ON  10  O  O\ 

H     H     CO  O  Tf   t^OO     t-»  10  O     M     O\ 
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M    ro  PO  r-» 
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g^p 

o 

woO\O    ior^iO"!tiot--POl^i-i    PO 
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AMOUNT  OF  LIGHT  IN  THE  SECOND  EYE  NECESSARY 

II. 

For  Any  Stereoscopic  Effect 
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vO 
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HwOOOOOOOOOOO 

b. 

Units  of 
Intensity 
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l-l     M     0*     <N 

a. 

Opening  of 
the  Disc 
in  Degrees 
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AMOUNT  OF  LIGHT  IN  THE 
SECOND  EYE  WHICH  HAS  NO 
EFFECT  ON  THE  BRIGHTNESS 

OF  THE 

COMMON  VISUAL  FIELD 

c. 
Ratio  of 
the  Light 
in  the 
other  Eye 

O  \O    O   »>•  «    l^O    M    t~-  >-<    m  Ov 
ir>  •&  \n  •tHO   ^t  fO  •<*•  fO  ro  ro  PI 

>, 

.a   '3*3  g 
P    1 

Tj-ONt^fOOt    M    t^MOOOO    «    O\ 
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AMOUNT  OF  LIGHT  IN  THE  SECOND  EYE  NECESSARY 

II. 

For  any  Stereoscopic  Effect 
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AMODNT  OF  LIOHT  IN  THE 
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TABLE  VII.—  OBSERVER  A. 
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Remarks  on  the  Tables :  ( i )  Division  I  of  the  tables  shows  the 
lowest  point  for  each  absolute  intensity  at  which  the  stereo- 
scopic effect  was  complete,  Division  II  the  point  at  which  it 
had  entirely  ceased.  Between  these  points  there  was  a  region 
of  partial  or  incomplete  combination.  Here  the  outlines 
were  sometimes  confusedly  intermingled,  sometimes  the 
complete  stereoscopic  effect  would  alternately  appear  and 
disappear,  and  again  there  would  occur  the  phenomenon  of 
the  competition  of  the  vision-fields,  first  one  and  then  another 
set  of  lines  becoming  distinct. 

(2)  In  the  last  division  of  the  tables,  which  gives  for  each 
absolute  intensity  the  amount  of  light  which  can  be  admitted 
to  one  eye  without  producing  any  change  in  the  brightness  of 
the  common  vision-field,  it  will  be  observed  that  the  results 
are  less  regular  than  in  Tables  I-III  in  the  preceding  section. 
But  that  is  probably  because  these  results  represent  the  aver- 
ages of  a  smaller  number  of  trials.     The  judgments  concerning 
light  intensity  are  more  difficult  than    those    regarding  the 
stereoscopic   effect. 

(3)  All  the  results  are  slightly  less  regular  with  the  highest 
intensities  used,   owing  probably  to  those  intensities  being 
somewhat  near  the  "upper  limit"  for  the  eyes  adapted  to  the 
darkened  room. 

(4)  Where  fractions  of  degrees  are  given  under  "Opening 
of  the  disc"  these  are  the  result  of  averaging  a  number  of 
cases.     The  disc  was  not  graduated  to  measure  less  than  half 
a  degree  with  accuracy.     In  Tables  I-III  such  fractions  are 
not    given,    but    when    less  than    i   are    disregarded,  when 
more  than  \  are  counted  as  i°. 

Summary  of  Results:  (i)  The  amount  of  light  in  the  second 
eye  necessary  to  produce  the  stereoscopic  effect  varies,  like 
the  minimum  of  light  required  to  increase  the  total  brightness, 
in  fairly  regular  correspondence  with  the  absolute  intensity. 
The  correspondence  is  not  such  as  to  establish  a  proportion- 
ality between  the  quantities  in  question,  but  the  amount, 
except  with  the  highest  intensities  used,  quite  regularly  be- 
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comes  greater  or  less  as  the  absolute  intensity  increases  or 
diminishes. 

(2)  The  amount  of  light  required   in   the   second  eye  to 
produce  the  stereoscopic  effect  seems,  with  most  of  the  in- 
tensities used,  surprisingly  small.     With  very  high  intensities 
T^  of  the  full  light  or  less  was  sufficient  to  make  the  effect 
complete,  while  in  many  cases  a  partial  effect  remained  with 
the  very  least  amount  which  the  disc  could  be  adjusted  to 
admit  (estimated  at  TTTVo  or  less).     On  the  other  hand,  with 
the  lowest  absolute  intensities,  about  i  of  the  full  light  was 
necessary  for  the  second  eye  in  order  to  produce  the  complete 
stereoscopic  effect,  while  for  any  effect  at  all,  from   about  i 
to  ^  of  the  full  light  was  required. 

(3)  There  is  in  all  cases  a  noticeably  wide  range  between 
the  point  where  the  objects  begin  to  combine,  and  the  point 
where    the    complete    stereoscopic    effect    is    obtained.     The 
amount  of  light  at  the  latter  point  is  about  from  two  to  twenty 
times  as  great  as  at  the  former.     Thus  in  Table  V,  with  the 
absolute  intensity   i,  an  opening  of  the  episkotister  disc  of 
225°  is  required  for  the  complete  stereoscopic  effect,  while  a 
partial  effect  appears  above  85°.     With  the  absolute  intensity 
192  in  this  table  a  partial  effect  appears  above  i^0,  while  for 
the  full  effect  22!°  was  required.     And  in  the  other  tables  the 
case    is    similar. 

(4)  The   "indifference  point,"   or  point   of  inefficiency   as 
regards  the  comparative  light  intensities  of  monocular  and 
binocular  vision,  varies  also,  as  in  the  experiments  on  intensity 
referred  to  in  the  preceding  section,  in  correspondence  with 
the  absolute  intensity;   the   amount   of  light   which   can  be 
admitted  to  the  second  eye  without  affecting  the  brightness 
of  the  common  visual  field  increases  with  the  increase  of 
absolute  intensity.     The  ratio  of  the  amounts  of  light  ad- 
mitted to  the  obscured  and  the  unobscured  eyes  shows,  how- 
ever, at  this  indifference  point  less  variation  than  at  the  low- 
est point  of  effectiveness  for  the  stereoscopic  combination.     It 
is  noticeable  also  that  while  the  amount  of  light  for  the  second 
eve  inefficient  for  the  brightness  of  the  combined  visual  field 
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increases  in  quite  regular  correspondence  with  the  absolute 
intensity,  the  increase  here,  as  with  the  light  required  in  the 
second  eye  for  the  stereoscopic  effect,  is  not  proportional; 
for  while  the  actual  amount  of  light  increases,  the  ratio  to  the 
full  light  continually  decreases. 

(5)  The  "indifference  point"  of  light  intensity  and  the 
lowest  point  of  effectiveness  for  the  stereoscopic  effect  do  not 
coincide.  The  indifference  point  is  very  much  higher  in  nearly 
all  cases  than  the  point  below  which  the  stereoscopic  effect 
ceases  to  be  good.  The  points  approach  nearer  to  each  other, 
the  lower  the  absolute  intensity;  but  there  is  a  region,  which 
with  higher  absolute  intensities  becomes  very  great,  where 
the  "paradox"  of  Fechner  occurs,  while  yet  the  stereoscopic 
effect  is  completely  preserved. 

Have  we  now  in  these  results  any  data  for  the  solution  of 
the  problem  which  emerged  from  our  investigation  regarding 
the  relative  intensities  of  monocular  and  binocular  vision, 
viz.,  that  so  large  a  proportion  of  the  full  light  can  be  admitted 
to  the  second  eye  without  producing  any  effect  upon  the  total 
brightness?  That  there  is  something  more  involved  here 
than  the  general  quantitative  relation  of  stimulus  and  reaction, 
i.e.,  Weber's  law,  is  apparent  from  the  fact  that  the  proportion 
changes  with  the  changing  of  the  absolute  intensity.  The 
fact  that  the  chief  purpose  of  the  two  eyes  is  not  to  increase 
the  brightness,  but  to  establish  those  parallactic  relations  upon 
which  binocular  depth  perception  depends,  suggests  an  easy 
solution  of  this  problem.  So  much  of  the  light  admitted  to 
the  second  eye  goes  to  produce  the  stereoscopic  effect,  and  the 
remainder,  subject  of  course  to  Weber's  law,  to  increase  the 
total  brightness.  Our  tables,  however,  show  that  the  lowest 
point  where  the  stereoscopic  effect  is  produced  is  not  the 
same  as  the  "indifference  point"  of  light  intensity  except  in 
one  or  two  cases,  where  their  coincidence  may  be  accidental. 
In  nearly  all  cases  the  least  amount  of  light  required  for  the 
stereoscopic  effect  is  less — sometimes  a  hundred  times  less — 
than  the  amount  which  is  inefficient  for  the  brightness  of  the 
common  visual  field. 
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A  second  question  is  whether  our  results  throw  any  light 
upon  Fechner's  "paradox."  Here  also,  prior  to  any  experi- 
mental test,  it  might  be  thought  that  the  explanation  is  quite 
simple.  We  have  but  to  assume  that  where  the  "paradox" 
occurs  it  is  due  to  the  fact  that  the  physical  energy  which 
reaches  the  retina  of  the  partially  obscured  eye  is  less  than 
is  necessary  to  enable  that  eye  to  play  its  part  in  forming  the 
combined  impression  and  localizing  it  in  the  third  dimension, 
and  that  in  that  case  part  of  the  energy  of  the  free  eye  is 
subtracted  to  aid  the  other  eye  in  the  binocular  combination 
(not,  of  course,  the  stereoscopic  combination);  then  on  the 
closing  of  the  other  eye,  this  part  of  the  energy  would  be  set 
free  and  the  result  would  be  an  increase  of  the  light  intensity. 
To  confirm  this  suggestion  also,  however,  the  results  should 
show  a  practical  coincidence  of  the  indifference  point  of  light 
intensity  and  the  lowest  point  of  effectiveness  for  the  stereo- 
scopic combination.  Whereas,  as  we  have  seen,  the  indiffer- 
ence point  is  very  much  higher  in  nearly  all  cases  than  the 
point  below  which  the  stereoscopic  effect  ceases  to  be  good; 
in  other  words  the  paradox  occurs  over  a  considerable  region 
where  the  stereoscopic  effect  is  complete. 

With  regard  to  Fechner's  and  Aubert's  "minimum"  and 
"conjugate  points,"  our  results  have  not  much  contact  with 
the  results  of  those  investigators.  They  fixed  the  minimum 
point,  i.e.,  the  point  of  greatest  darkening  in  the  common 
visual  field  by  the  darkening  of  one  eye  definitely  at  the  point 
where,  the  full  light  being  represented  by  1000,  122  represented 
the  amount  admitted  to  the  partially-obscured  eye.  In  our 
results,  however,  it  appears:  (i)  that  the  ratio  to  the  full  light 
of  the  light  required  for  the  second  eye  to  produce  any  effect 
on  the  total  intensity  is  not  a  constant  ratio,  but  varies  with 
the  absolute  intensity;  (2)  that  the  indifference  point  is  not 
usually  a  single  definite  point,  but  that  there  is  commonly  a 
considerable  region  within  which  no  difference  in  the  brightness 
of  an  object  in  the  common  visual  field  is  observed  when  the 
object  is  regarded  alternately  with  one  eye  and  with  two. 
The  figures  in  the  tables  represent  simply  the  averages  of  all 
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the  equal  cases.     Some  suggestions  for  a  possible  explanation 
of  these  results  will  be  given  in  the  next  section. 

Let  us  now  revert  for  a  moment  to  the  second  of  the  above- 
mentioned  results,  viz.,  the  exceedingly  small  proportion  of 
the  full  light  which  one  eye  may  receive  without  the  stereo- 
scopic effect  being  destroyed  or  impaired.  It  might  be 
thought  that  the  result,  in  the  experiments  above  referred  to, 
was  at  least  partially  due  to  the  very  simple  character  of  the 
outline  drawings  employed.  Would  the  results  have  been 
similar  had  more  complicated  figures  been  used?  That  is  a 
question  somewhat  difficult  to  investigate,  because  figures 
suitable  for  the  purpose  are  not  easily  obtained.  Ordinary 
stereoscopic  photographs,  for  instance,  will  not  do.  For 
these  have,  even  when  regarded  with  one  eye  only,  a  certain 
depth  effect,  due  to  secondary  factors  of  depth  perception, 
from  which  it  is  difficult  to  abstract  in  judging  of  the  stereo- 
scopic effect.  The  solution  of  this  difficulty  was  suggested 
by  an  article  of  Fuchs.1  Dr.  Fuchs  refers  to  the  experiments 
of  Helmholtz2  with  tapestry  patterns,  etc.,  and  of  Meyer3 
with  objects  such  as  wire  screens,  etc.  Both  these  authors 
reported  that  by  convergence  of  the  lines  of  regard  of  the  two 
eyes  upon  a  point  nearer  to  or  further  from  the  observer  than 
the  plane  of  the  objects  observed,  certain  parts  of  the  pattern 
could  be  seen  stereoscopically,  i.e.,  superimposed  upon  one 
another,  and  at  different  distances  from  the  eye,  so  that 
certain  figures  in  the  pattern  seemed  to  be,  as  it  were,  suspend- 
ed in  the  air  before  the  others.  Fuchs,  however,  pointed 
out  that  convergence  or  squinting  would  not  produce  the 
stereoscopic  effect  so  long  as  the  superimposed  double  images 
held  exactly  the  same  relative  positions  in  the  two  eyes.  This 
can  be  seen  by  reference  to  Fig.  i,  where  convergence  results 
in  the  appearance  of  four  or  more  rings  in  each  row,  which, 
however,  are  all  in  the  same  plane.  The  stereoscopic  effect 

1  Ueber  die  stereoskopische  Wirkung  der  sogenannten  TapetenbUder  ( Zeitschrif  t 
fur  Psychologic  und  Physiologic  der  Sinnesorgane,  Bd.  32,  Heft  2,  1903). 

2  Ilandbudi  der  pliysiologischen  Optik,  p.  799  (1896). 

3Rosers  und  Wunderlichs  Archivfur  die  physiologische  Heilkunde,  1841,  I, 
316  etc. 
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reported  by  earlier  authors  must  therefore,  according  to  Fuchs, 
be  due  to  the  repetition  of  the  figures  hi  the  pattern  not  being 
exactly  regular,  so  that  the  distance  of  identical  points,  and 
consequently  the  convergence  conditions  required  for  cor- 
responding parts,  are  different.  He  employed,  to  demonstrate 
this,  a  complicated  drawing,  consisting  of  very  simple  and 
exactly  similar  parts,  in  the  arrangement  of  which,  however, 
such  irregularities  are  purposely  introduced  in  a  somewhat 
exaggerated  degree.  This  drawing  is  reproduced  in  Fig.  2 
(Fuchs'  Fig.  3).  This  figure  appeared  admirably  suited  to 
our  purpose.  It  is  a  much  more  complicated  one  than  the 
others  employed  in  our  experiments,  and  has  very  little  in 
itself  to  suggest  the  perception  of  depth,  but  on  the  contrary 
requires  special  conditions  and  effort — unless  the  eyes  are 
assisted  by  glasses — in  order  to  be  seen  stereoscopically.  Some 
experiments  were  accordingly  made  with  copies  of  this  figure 
of  Fuchs'  as  objects  to  see  if  our  results  would  be  confirmed 
when  such  objects  were  substituted  for  the  simpler  ones  used 
in  the  former  experiments.  The  same  apparatus  could  not 
be  used  as  hi  the  other  experiments,  because  the  visual  angle 
subtended  by  the  objects  was  greater  than  was  provided  for 
by  the  openings  in  the  front  screen,  and  the  divisions  between 
the  double  openings  would  conceal  parts  of  the  drawings. 
Accordingly,  the  apparatus  used  was  a  modification  of  the 
simpler  one  designed  for  the  experiments  in  regard  to  the 
relative  intensities  of  monocular  and  binocular  vision.  The 
lamps  used  were  in  this  case  fixed  above  and  in  front  of  the 
objects,  and  screened  so  as  to  prevent  their  light  shining 
directly  into  the  observer's  eyes.  In  some  cases  the  experi- 
ment was  performed  by  squinting,  without  any  glasses  over 
the  openings  through  which  the  eyes  looked.  In  others, 
convergence  was  facilitated  by  the  use  of  lenses,  which  were 
attached  hi  such  a  way  that  they  could  be  pushed  aside  when 
not  in  use.  The  results,  as  exhibited  hi  Tables  VIII  and  IX, 
completely  confirm  those  given  in  the  former  tables.  For  the 
second  eye  ^^  of  the  full  light  was  usually  sufficient  to  give 
at  least  a  partial  stereoscopic  effect,  and  with  from  y^  to 
i^r  the  effect  was  complete. 


24 


ROBINSON:  STEREOSCOPIC  VISION 


Vs 

bfl 

1 

'C  * 

E 

rQ 

E 

C  »d     S 

^03. 

o 

to  0  C  <u 

E 

8 

g  bo  <u  o 

o 

"^  .  .  p;  ."S  rt  "^ 

3 

"o                     -t!  "y  "^  ^  >  rt 

£ 

•^  .         ,          a'C  .t!  •*>  jg  ^ 

W 
O 

PM                H^PMiii^;     o 

(B 

X 

e  o 

O 

2  S 

OO             o             OOOO             O 

(2 

i  W 

C1W               C^               IHOfWO)               H 

£  fc 

^                         ^                         ^               ^i 

QO 

• 

0  ' 

1 
CONVERG 

ENCE 

<U                    Ui                    1)            IH 

rG                (D                rj          m 

-4~>  "                IH          -        i  i  -•        (H          «• 

t,-      i    "  s"   3    " 

2            <D            r3        i^ 
fe          J5          fe      55 

d 

aj 

i 

• 

G 

ii 

tj                         ^ 

'S 

g  2 

p 

S,                             00 

a 

0 

rH 

IH 

IH                                           t)jQ 

3 

:                          &                                         •£ 

•s              ^ 

3                          d 

>l 

g 

G 

3 

w 

E 

W 
o 

*s       1  -    -1     5 

S-o          ^          g-g      b 

f    n\                       *  o  w        co 

(H    ^                    t/5          r—  .     X    QJ            p 

1 

Bi 

Tl 

8 

<e 

o 

i 

l|  -§"S|^^    | 

Oh/)bo<US<U       'H 

eservei 

H 

IH 

£ 

0!^          >>S    «    ^3   ^        <S 

C  to      •S^o^'C^         e8 

*y 

PL,  cB      fol^      J^PL,^      fn 

O 

• 

C 

o  . 

H 

OQ 

go 

a 

i* 

£  *« 

OO             OO             OOO             O 
CJW             CSM              NMN              M 

*            *            *       * 

| 

!-) 

0° 

G      '          Q) 

0 

a  ^       G 

U 

Jtt 

• 

-4->     0           *^ 

u 

o 
i 

^s* 

^ 

o 
i 

te  °        rt  -jrj 

B-gsJI: 

w 

E 

cS 

IH    (U                                           IH 
1>    2            "lO                    1>            l-i 

^55      g  °          S.    S     . 

o 

fe                  55                         fe          55 

"rt 

C 

& 

^                      a 

* 

So 

CJ^3            *•             f  i  ™     "*            * 

II 

s, 

[142] 


ROBINSON:  STEREOSCOPIC  VISION 


25 


1 

•d 

<u 

•d 
> 

9) 

W 

£ 

<n 

g 

c^ 

a 

8 

~  r 

^    *-> 

^      .*£ 

H 

4) 

—        "v; 

^ 

^*   >~ 

(*s 

i 

S."E 

s    b 

• 

c  *- 

o      w 

•"       ''^ 

^^          ^> 

OQ 

o 

go 

16 

z  ~ 

0     0 

O              O 

—  . 

«      M 

w         ** 

5° 

i 

^ 

B 

w. 

M 

£     - 

h§ 

5" 

:; 

! 

£ 

* 

& 

cL 

S   C 

o  - 

;            - 

J5 

00 

.    .    .    .  o 

•    •    •    -"S 

S 

•  o 

i. 

a 

^•^ 

o 

H 

6. 

~3   IB 

8 

o 

-  ~      -  - 

H 

6              * 

g 

•g 

»-.  8    Ji; 

CD 

o*w 

~~  ~  '-   - 

9 

o  o 

CD 

u    — 

^C  -    -    i  —    - 

oJj 

55^^002: 

y 

z^ 

0     0 

o    o    o    o    o    o 

QC 

vC    •* 

n    «  »O    ^  «*   "-I 

6 

ss 

8 

.    2- 

^  - 

-  -  S-  -  - 

.  cS 

I 

V 

2* 

o. 

P 

00 

[143] 


26  ROBINSON:  STEREOSCOPIC  VISION 

IV.  BINOCULAR  SYNERGIES 

In  connection  with  previous  reports  of  the  writer's  experi- 
ments1 certain  suggestions  were  made  first  by  Professor 
Kirschmann  and  afterward  developed  more  fully  by  the 
writer  as  to  a  possible  explanation  of  certain  phenomena  of 
binocular  co-operation,  and  particularly  of  Fechner's  paradox. 
These  were  characterized  by  Professor  A.  Binet2as  "bien  hypo- 
thetiques."  Their  hypothetical  character  is,  however,  no 
disparagement,  inasmuch  as  they  were  not  meant,  as  Professor 
Binet  apparently  regarded  them,  as  interpretations  of  the 
writer's  results,  but  rather  as  tentative  suggestions,  the  further 
questions  to  be  investigated  before  any  strong  claim  could  be 
advanced  for  them  being  at  the  same  time  pointed  out.  The 
intimate  character  of  the  co-operation  of  the  two  retinas 
which  our  provisional  explanation  of  the  "paradoxical"  phen- 
omenon, especially,  presupposes  is  such,  however,  as  to  raise 
the  whole  question  of  the  reaction  of  one  retina  upon  stimuli 
applied  to  the  other;  and  it  may,  therefore,  not  be  out  of  place 
to  give  briefly  the  gist  of  previous  investigations  and  discus- 
sions of  this  subject.  That  having  been  done,  the  re-state- 
ment of  the  above  mentioned  suggestions  regarding  the  phen- 
omena of  binocular  co-operation  and  binocular  intensities 
may  be  found  to  have  some  bearing  on  the  question  of  the 
retinal  transference  of  impressions. 

That  it  is  possible,  under  certain  conditions,  by  the  stimula- 
tion of  one  retina  to  produce  an  impression  in  the  other,  has 
been  maintained  by  various  investigators,  from  the  time  of 
Newton.  Titchener,  who  has  made  elaborate  series  of  experi- 
ments upon  several  phases  of  the  problem,  gives  also  in  his 
article  a  comprehensive  summary  of  previous  discussions.'5 
A  further  discussion  is  given  by  Franz.4  Against  the  assump- 
tion of  a  functional  interconnection  of  the  retinas  two  positions 

1  Am.  Jour,  of  Psych,  vol.  VII.,  1895,  pp.  9-25,  518-532. 

2  I/Annee  Psychologique,  1896,  p.  381. 

3  Ueber  binoculare  Wirkungen  monocularer  Reize.    (Philos.  Stud.  VIII,  1893, 
pp.  231-310.) 

4  After  Images  (Psych.  Review,  Mon.  Sup.  12,  1899). 
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have  been  advanced,  that  in  the  cases  adduced  no  real  trans- 
ference takes  place,  and  that  it  is  not  the  retina  of  the  un- 
stimulated  eye,  but  the  brain  centre  that  is  affected. 

To  the  second  of  these  claims  very  little  importance  in  the 
present  stage  of  the  question  need  be  attached.  For  how  is 
the  matter  simplified  by  assuming  that  in  certain  cases  the 
stimulation,  say  of  the  right  retina,  produces  the  same  molecu- 
lar activity  in  the  visual  cerebral  centre  usually  produced  by 
the  stimulation  of  the  left  retina,  rather  than  that  in  those 
cases  an  activity  is  started  in  the  left  retina  by  the  stimulation 
of  the  right?  The  position  that  the  impression  is  mistakenly 
referred  to  the  unstimulated  eye  but  that  there  is  no  real 
transfer  of  activity  from  one  eye  to  the  other  is  favoured  by 
Franz.  He  supports  it  by  the  result  of  an  experiment  in 
which  the  light  stimulus  was  applied  to  the  portion  of  the 
right  eye  which  corresponds  to  the  blind  spot  of  the  left  eye. 
On  opening  the  left  eye  an  image  appeared.  But  since  with 
the  portion  of  the  left  eye  corresponding  to  the  stimulated 
part  of  the  right,  nothing  can  be  seen,  the  conclusion  is  that 
the  transfer  in  this  case  cannot  be  real,  and,  therefore,  may 
not  be  in  other  cases.  This  does  not,  however,  seem  con- 
clusive. For  with  the  closed  eye  there  is  no  question  about 
the  direction  of  light  rays  entering  it,  the  question  is  whether 
the  starting  of  a  certain  activity  in  one  eye  by  an  appropriate 
stimulus  may  be  followed  without  direct  stimulation  by  a 
similar  activity  in  the  other.  Delabarre  l  had  before  come  to 
the  same  conclusion,  on  account  of  the  image  apparently  in 
the  unstimulated  eye  changing  or  disappearing  with  a  change 
in  the  objective  conditions  of  the  eye  which  received  the 
stimulus.  Against  this  are  the  results  of  Fechner-  regarding 
binocular  contrast,  in  which  the  one  eye,  while  darkened  or 
receiving  only  faint  grey  light,  saw  the  complementary  of  the 
colour  simultaneously  presented  to  the  other  eye.  That  the 
transfer  is  real  is  also  held  by  Titchener,  the  results  of  whose 

l  The  Seat  of  Optical  After-images.      (Am.  Jour,  of  Psych.,  vol.  II,  1889, 
pp.  326  etc.) 

-  Ueber  einige  Verhattnisse  des  binocularen  Sfhens.      (Abb.  d.k.  Sacb.  Ges  d. 
Wiss,,  VII,  481,  1860.). 
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experiments  showed  marked  differences  between  the  images 
in  the  respective  eyes  with  regard  to  duration,  brightness,  and 
changes  of  colour. 

The  results  of  our  experiments,  reported  in  the  preceding 
section,  touch  the  present  discussion  at  two  points: 

1.  The  amount  of  light  admitted  to  the  second  (the  less 
stimulated)  eye  at  the  point  where  the  objects  begin  to  combine 
is  but  a  small  fraction  of  that  required  for  the  complete  com- 
bination.    This  could  easily  be  explained  if  we  might  assume 
that  a  part  of  the  physical  energy  communicated  to  the  retina 
of  the  unobscured  eye  is  subtracted,  when  necessary,  to  aid 
the  other  eye  in  the  binocular  combination.     Of  course  the 
factors  of  binocular  depth  perception  are  such  that  in  it  one 
eye  cannot  do  any  part   of  the  work  of  the  other.     But  for 
the  production  of  the  stereoscopic  effect  it  is  first  necessary 
that  the  two  retinal  impressions  should  be  combined  so  as  to 
produce  the  impression  of  a  single  surface.     This  distinction 
of  the  simple  binocular  from  the  complete  stereoscopic  com- 
bination is  not  a  merely  hypothetical  one.     Throughout  the 
experiments  it  was  frequently  noted  that  the  surfaces  would 
coincide  where  there  was  no  depth  perceptible.     Now  if  where 
the  objects  begin  to  combine  there  is  only  the  combination 
into  a  single  surface,  and  in  that  the  free  eye  can  more  largely 
aid  the  other,  while  in  the  complete  stereoscopic  combination 
the  aid  it  can  give  is  proportionately  much  smaller,  that  may 
account  for  the  proportion  of  light  required  in  the  second  eye 
in  the  latter  case  being  enormously  greater  than  where  the 
objects  combine  only  as  a  single  surface. 

2.  The  second  point  concerns  the  suggested  explanation  of 
the  paradox  of  Fechner,  that  its  occurrence  is  due  to  the  energy 
communicated  to  the  partially-obscured  eye  being  too  little 
to  enable  that  eye  to  play  its  part  in  combining  the  images. 
Part  of  the  energy  communicated  to  the  free  eye  is  subtracted 
to  aid  the  other,  and  the  result  is  a  darkening  of  the  common 
field  of  vision.     Then  on  the  closing  of  the  other  eye  that  part 
of  the  energy  of  the  free  eye  is  liberated,  and  the  common  field 
becomes   brighter.     This   suggestion   seems   to  be   negatived 
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by  the  fact  that  the  amount  of  light  in  the  partially-obscured 
eye  which  has  no  effect  upon  the  total  brightness  is  very  much 
greater  than  the  amount  required  for  the  stereoscopic  effect. 
The  lower  the  absolute  intensity,  however,  the  nearer  these 
amounts  approach  to  each  other,  and  at  certain  extremely 
low  intensities  they  coincide.  If  this  be  taken  as  an  indication 
that  the  explanation  holds  good  for  these  low  intensities,  the 
question  of  course  at  once  arises — why  not  for  higher  inten- 
sities? There  is  even  for  these,  on  the  assumption  of  a  func- 
tional interrelation  of  the  retinas,  a  possible  explanation, 
which  is  given  here  rather  than  in  the  discussion  in  the  pre- 
ceding section,  because  it  can  only  be  hypothetical  until  this 
whole  question  is  more  thoroughly  cleared  up.  Let  us  assume 
that  with  the  extremely  low  intensities  in  question  the  light 
which  reaches  the  retina  of  the  unobscured  eye  is  only  about 
enough  to  enable  that  eye  to  play  its  own  part  in  the  binocular 
combination.  For  example,  where  in  Table  IV  the  absolute 
intensity  is  i ,  the  light  which  must  be  admitted  to  the  second 
eye  to  produce  the  complete  stereoscopic  effect  is  represented 
by  .41,  and  .41  also  represents  for  the  absolute  intensity  i  the 
amount  of  light  in  the  second  eye  which  has  no  effect  on  the 
brightness  of  the  common  visual  field.  If,  therefore,  less  light 
than  .41  is  admitted  to  the  second  eye,  we  shall  have  the 
paradox  and  at  the  same  time  stereoscopic  combination  will 
be  absent  or  only  incomplete.  This  is  perhaps  because  the 
stimulus  applied  to  the  second  eye  in  this  case  is  not  sufficient 
to  produce  the  energy  required  for  the  stereoscopic  effect. 
Part  of  the  energy  may  be  subtracted  from  the  other  eye  to 
aid  in  the  binocular  combination,  and  consequently  the  com- 
mon visual  field  is  darkened.  But  because  the  light  admitted 
to  the  free  eye  is  little  more  than  the  least  amount  needed  to 
produce  the  required  effect  in  it,  while  that  eye  continues  to 
discharge  its  function  there  cannot  be  sufficient  energy  with- 
drawn from  it  to  make  up  what  is  lacking  in  the  other  eye, 
and  hence  the  stereoscopic  effect  remains  incomplete.  Then 
taking  a  higher  absolute  intensity,  let  us  say  that  represented 
in  the  table  by  100,  we  find  that  the  amount  of  light  required 
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in  the  second  eye  for  the  complete  stereoscopic  effect  is  3.47, 
while  the  amount  inefficient  for  the  brightness  of  the  com- 
bined visual  field  is  38.20.  On  the  above  suggested  theory  it 
might  be  held  that  the  energy  which  reaches  the  retina  of 
the  free  eye  is  in  this  case  more  than  the  least  amount  re- 
quired for  that  eye  to  play  its  part  in  the  co-operation  of  the 
two  eyes,  and  where  the  other  eye  does  not  receive  sufficient 
for  that  purpose,  enough  energy  may  be  subtracted  from  the 
free  eye  to  supplement  that  of  the  partially  obscured  eye  and 
produce  the  complete  stereoscopic  effect.  This  would  account 
for  the  fact  that  with  all  but  the  lowest  intensities  there  is  a 
region,  growing  more  extended  as  the  absolute  intensity  in- 
creases, where  the  paradox  occurs,  while  yet  the  stereoscopic 
effect  is  completely  preserved. 

Our  results,  then,  favour  the  view  of  a  functional  inter- 
connection of  the  retinas  to  the  extent  that  certain  phases  of 
them,  otherwise  unexplained,  seem  capable  of  explanation  on 
this  theory.  Yet  these  results  are  by  no  means  conclusive. 
It  may  yet  be  found  that  all  the  phenomena  in  question  are 
not  due  to  either  retinal  or  cerebral  processes,  but  are  purely 
psychical. 

v.   LUSTRE. 

i .  Theory  of  Lustre.  The  phenomenon  of  lustre  is  discussed 
in  connection  with  the  problem  of  intensity  because,  although 
intensity  is  only  one  of  the  factors  in  the  production  of  this 
phenomenon,  the  part  which  it  plays  is  sufficiently  important 
to  warrant  a  careful  investigation  of  its  influence.  Since, 
however,  several  of  the  authors  who  deal  with  this  subject 
are  not  free  from  error  or  confusion  regarding  the  importance 
of  intensity  or  of  intensity-contrast  as  a  condition  of  the 
phenomenon  of  lustre,  it  is  necessary,  in  the  beginning,  to 
devote  a  little  space  to  clearing  up  this  point. 

Most  of  the  investigators  of  the  subject  hitherto  have  not 
distinguished  the  physical  and  the  psychological  aspects  of 
the  matter  with  sufficient  clearness.  For  the  physicist  the 
questions  raised  concern  the  movement  processes  which  take 
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place  in  the  reflection  of  light  from  surfaces  under  different 
conditions.  For  him  the  character  of  the  sensation  of  sight 
is  of  interest  only  as  indicating  what  physical  process  is  going 
on.  And  if  the  characteristics  of  our  light  sensations  were 
entirely  different  from  what  they  are,  that  would  not  change 
the  nature  of  the  physicist's  problem  in  the  least.  The 
psychologist,  on  the  other  hand,  has  to  deal  with  what  takes 
place  in  consciousness.  For  him  the  question  is  "  What  are  the 
qualities  or  intensities  or  space  and  time  relations  of  the 
sensations  or  complexes  of  sensation  which  take  part  in  the 
impression  of  lustre?  "  And  for  the  psychologist,  therefore, 
the  physical  properties  of  the  light  are  of  only  conditional 
importance.  Failure  to  observe  this  distinction  has  led  to 
much  confusion  of  thought.  Hering,  for  example,  in  common 
with  several  other  writers,  regards  lustre  as  dependent  upon 
high  intensity.  Now  the  intensity  which  can  be  a  factor  in 
the  perception  of  lustre  must  be  the  intensity  of  light  sensa- 
tion. Yet  Hering  speaks  of  the  lustre  which  belongs  to  self- 
luminous  bodies  as  well  as  of  that  which  appears  on  incompletely 
mirroring  surfaces.  But  to  be  self-luminous  is  not  a  property 
of  objects  which  is  directly  given  to  the  sense  of  sight.  To 
decide  whether  a  body  is  self-luminous  we  must  have  other 
data  than  those  which  the  sense  of  sight  furnishes.  Thus,  for 
instance,  it  is  quite  easy  to  illuminate  a  red  or  orange  paper 
in  the  daytime  in  such  a  manner  that  it  looks  exactly  like  a 
red-hot  iron.  Everybody  has  noticed,  too,  how  impossible  it 
is  to  decide,  at  the  time  of  a  brilliant  sunset,  whether  the 
ruddy  glow  seen  at  certain  windows  is  caused  by  a  light  or  a 
fire  within,  or  is  simply  the  reflection  of  the  sunshine.  A  very 
interesting,  as  well  as  very  decisive  experiment  in  this  line 
has  been  made  quite  incidentally  in  the  use  of  Professor 
Kirschmann's  apparatus  for  obtaining  spectrally  pure  light 
in  larger  surfaces.  This  apparatus  is  arranged  so  as  to  effect 
a  two-fold  selection  of  the  rays;  a  surface  which  reflects  one 
part  of  the  spectrum  chiefly  is  illumined  by  light  which  has 
passed  through  absorbing  media  of  the  opposite  selective 
preference.  The  apparatus  has  been  used  by  Messrs.  Lane, 
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Baird  and  Richardson,  and  Miss  Emma  S.  Baker,  and  is 
described  in  their  articles  in  the  University  of  Toronto  Studies, 
Psychological  Series.  It  shows  a  square,  or  two  squares,  one 
in  the  middle  of  the  other,  of  light  of  high  spectral  saturation, 
and  in  any  intensity  desired.  Observers  who  know  nothing 
of  the  arrangement  for  the  production  of  these  colours  are 
absolutely  unable  to  say  whether  they  see  reflected  light, 
transmitted  light,  or  the  source  of  light  itself.  This  has  been 
especially  conspicuous  in  the  experiments  of  Messrs.  Hughes 
and  Armstrong,  to  be  elsewhere  reported,  in  which  only  colour- 
less light  was  employed.  Certain  observers,  in  order  that  they 
might  be  in  complete  ignorance  of  the  instrumental  arrange- 
ment, were  brought  blindfolded  to  the  entrance  of  the  observa- 
tion tube.  These  actually  did  not  realize  that  they  were  looking 
through  a  diaphragm  of  varying  aperture,  but  thought  they 
saw  self-luminous  or  transparent  objects.  And  they  were 
moreover  not  sure  whether  the  size  of  the  object  increased 
and  decreased  or  whether  its  distance  was  changed.  Such 
distinctions,  then,  as  that  of  Hering  referred  to  above  denote 
a  confusion  of  the  physical  properties  of  light  with  the  char- 
acteristics of  our  light  sensations.  And  it  is  just  this  confusion 
that  prevents  both  Aubert  and  Hering  from  seeing  that  some- 
thing more  than  brightness  or  brightness-contrast  is  required 
for  lustre.  Psychically  there  is  not  such  a  thing  as  light  sensa- 
tions of  different  quality  or  intensity  which  are  coincident 
in  both  space  and  time.  If  several  light  stimuli  of  different 
quality  and  intensity  are  applied  simultaneously  to  the  same 
retinal  points  the  accompanying  sensation  is  always  simple 
and  single.  Only  when  either  spacially  or  temporally  separ- 
ated are  the  impressions  not  so  combined.  Wundt1  first  in 
1 86 1  showed  conclusively  that  the  characteristic  of  lustre, 
whether  monocular  or  binocular,  is  incomplete  mirroring, 
i.e.,  a  combination  of  mirror  reflection  and  diffuse  light, 
which  combination  depends  on  the  parallactic  relations  arising 
from  movements  of  the  eye  or  from  binocular  combination  of 

1  Ueber  die  Entstchung  des  Glanzes.     (Poggendorf's   Annalen,  Band   116, 
s.  627  etc.) 
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images  upon  the  two  retinas.  Both  these  parallactic  relations 
(of  the  "double  eye"  and  the  moved  eye)  involve  the 
third  dimension,  and  the  great  contribution  made  by  Wundt's 
work  to  the  subject  lay  in  showing  that  the  space  relations 
which  are  adequate  for  the  explanation  of  lustre  must  be  three- 
dimensional.  Wundt  shows  also  that  strong  contrast,  whether 
of  quality  or  intensity,  favours  the  phenomenon. 

The  relation  of  differences  of  brightness  to  the  phenomenon 
of  lustre  has  been  further  elucidated  by  Kirschmann1  who 
distinguishes  the  genuine  or  parallactic  lustre  from  an  apparent 
or  false  lustre,  the  latter  consisting  in  certain  brightness  relations 
which  are  unusual  in  pure  diffuse  reflection,  but  commonly 
accompany  the  true  or  parallactic  lustre.  If  we  have  two 
bodies  with  level  upper  surfaces,  one  of  which  is  lustrous  and 
the  other  is  not,  the  former  will  from  one  direction  appear 
brighter,  from  all  others  darker  than  the  latter.  If  the  sur- 
faces are  curved,  there  will  be  more  than  one  direction  from 
which  the  lustrous  body  appears  brighter  than  the  non-lustrous. 
But  then  also  there  will  be  adjacent  parts  of  the  curved  lustrous 
surface  which  present  differences  of  brightness  such  as  do  not 
occur  on  the  dull  surface,  under  the  same  conditions  of  illum- 
ination. Now  having  from  experience  learned  that  a  con- 
tinuously curved  dull  surface  does  not  present  strong  contrast  of 
intensity  in  constant  illumination,  if  we  see  on  a  surface 
brightnesses  near  each  other, such  as  according  to  our  experience 
cannot  occur  on  a  dull  surface,  and  if  we  are  not  upon  any  other 
ground  doubtful  about  the  spacial  conditions,  we  conclude 
that  there  cannot  be  only  diffuse  light  present,  but  that  the 
surface  is  lustrous.  But  this  apparent  lustre  can  be  produced 
artificially,  apart  from  any  parallactic  relations,  by  suitably 
illuminating  the  single  parts  of  the  surface  independently  of 
each  other.  Painters  also,  provided  that  the  brightness 
differences  of  the  lustrous  bodies  which  they  reproduce  upon 
the  canvas  are  not  too  great,  can  succeed  to  a  certain  extent 
in  painting  lustre.  Really,  it  is  only  the  accidental  sign  of 

iDer  Metallglanz  und  die  Parattaxe  des  indirecten  Sehens.  (Philos.  Studien, 
XI,  I47-) 
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lustre,  the  brightness-contrast,  which  the  painter  puts  on  the 
canvas.  But  the  beholder,  in  whose  experience  this  sign  has 
been  the  almost  invariable  accompaniment  of  the  true  lustre, 
supplies  what  is  lacking  from  his  imagination.  These  bright- 
ness relations,  therefore,  though  regarded  by  Aubert,  Briicke 
and  others,  as  the  characteristic  sign  of  lustre,  are  in  reality 
only  an  accidental  accompaniment  of  it. 

To  complete  the  account  of  the  factors  of  the  perception 
of  the  various  kinds  of  lustre  phenomena  further  reference 
must  be  made  to  the  above-cited  work  of  Kirschmann  on 
metallic  lustre.  Former  writers  had  identified  metallic  with 
binocular  lustre.  This  is  expressly  done  by  Aubert.1  Metal- 
lic lustre,  however,  is  perceived  quite  as  well  with  one  eye  as 
with  two.  Moreover,  in  the  stereoscopic  combination  of 
photographs  there  is  never  any  trace  of  metallic  lustre,  even 
where  the  binocular  lustre  is  most  perfect.  This  is  very 
strikingly  shown  in  the  accompanying  stereoscopic  picture 
(Fig.  3).  When  stereoscopically  combined,  the  picture  shows 
the  lustre  of  porcelain,  of  wax,  of  glass,  of  water,  of  a  mirror,  of 
polished  wood,  and  even  the  surface  lustre  of  metallic  objects, 
but  no  metallic  lustre.  It  might  be  objected  that  a  stereoscopic 
reproduction  on  paper  has  not  intensity  enough  for  metallic 
lustre.  But  the  same  photograph  has  been  used  with  the 
same  result  in  diapositives,  and  by  Professor  Kirschmann 's 
method  of  exhibiting  stereoscopic  pictures  in  transmitted 
light  of  great  intensity,  superposed  on  a  semi-transparent 
screen.  (The  screen  is  a  large  plate  of  ground  glass,  and  the 
double  lantern  is  on  the  opposite  side  from  the  observer,  who 
combines  the  two  pictures  by  the  usual  means  of  a  pair  of 
spectacles  with  red  and  green  absorbing  glasses.) 

The  fact  that  metallic  lustre  depends  on  conditions  of 
monocular  vision  might  be  regarded  as  excluding  it  from  the 
range  of  our  discussion.  But  there  are  two  reasons  against 
its  exclusion,  first,  that  by  earlier  writers  it  was  considered 
as  at  most  a  special  case  of  binocular  lustre;  secondly  and 
chiefly,  that  the  factor  to  which  it  is  so  conclusively  proved 

1  Physiologische  Optik,  p.  553. 
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by  Professor  Kirschmann  to  be  referable — the  parallax  of 
indirect  vision — is  a  supplement  (and  for  one-eyed  persons  a 
substitute)  to  the  conditions  proved  by  Wundt  to  be  essential 
for  the  perception  of  lustre,  whether  binocular  or  monocular. 
Inasmuch  as  this  work  on  metallic  lustre  has  been  extensively 
discussed  in  French  and  German  publications,  but  not  hitherto 
in  English,  there  is  given  here  the  summary  with  which  the 
author  concludes  his  exhaustive  investigation  of  the  subject. 
The  summary  is  translated  directly  and  in  full  in  order  to 
preserve  the  quasi-mathematical  character  of  its  demonstra- 
tion per  exclusionem. 

1.  Metallic   lustre   is    a   characteristic    phenomenon    which 
everybody  distinguishes  from  other  light  phenomena  independ- 
ently of  any  previous  knowledge  of  the  objects,  illumination r 
etc.     A  definition  of  metallic  lustre  can  therefore  claim  no 
more  value  than  a  definition  of  the  sensation  red.     The  desig- 
nation of  the  phenomenon  is  quite  irrelevant.     "Metal"  and 
"metallic  lustre"   have  psychologically   nothing   to   do   with 
each  other. 

2.  For  our  consciousness  light  impressions  are  distinguished 
only  with  regard  to  intensity,  quality  (colour  and  saturation) 
and  space  and  time  relations.     The  phenomenon  of  metallic 
lustre  must  accordingly  be  referable  to  these  four  factors  or  a 
part  of  them. 

3.  As  regards  intensity  there  are  three  elements :   (a)  inten- 
sity of  the  whole  surface,   (6)  intensity-relations  of  the  parts 
of  the  surface  to  one  another  or  of  the  whole  surface  to  other 
impressions,   (c)  changes  of  intensity.     The  possibilities  which 
come  under  (6)  and  (c}  belong  also  under  the.  space  and  time 
relations  and  will  be  discussed  in  connection  with  them.  Since 
metallic  lustre  is  entirely  independent  of  the  strength  of  the 
illumination,  it  cannot  depend  on  the  absolute  intensity  of  the 
whole  surface. 

4.  Since  there  are  completely  colourless  metals,  and  since 
further  metallic-lustrous  surfaces  retain  their  characteristic 
property  in  coloured,  and  even  in  approximately  monochro- 
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matic  light,  the  participation  of  the  colour- tone  and  saturation 
in  the  essential  conditions  of  metallic  lustre  is  excluded. 

5.  As  regards  the  time-relations  metallic  lustre  is  independ- 
ent of  the  duration  of  the  total  impression  of  the  surface  con- 
cerned; it  is  perceived  in  very  short,  so-called  instantaneous 
illumination.      Moreover  a  change  in  the    properties  of  the 
total  impression  cannot  be  the  cause  of  metallic  lustre,  since 
the   latter   is   perceived   in   demonstrable  constancy   of  the 
optical  relations  between  the  surface  in  question  and  the  eye. 
The  temporal  relations  of  single  parts  of  the  surface  fall  also 
under  space  relations,  and  will,  therefore,  be  discussed  in  the 
following  paragraphs. 

6.  The  space  relations  are  either  those  of  the  whole  surface 
or  those  of  the  parts  of  the  surface  to  one  another.     The  space 
relations  of  the  whole  surface  are  form,  size,  and  position 
relations  to  other  surfaces  in  the  vision-field.     Form  and  size 
are   quite   irrelevant   for   metallic   lustre.     Since,   moreover, 
the  environment  of  the  metallic-lustrous  surface  is  without 
influence  on  the  characteristic  of  the  phenomenon,  the  metallic 
lustre  cannot  depend  on  the  space-relations  of  the  whole  sur- 
face.    The  only  condition  with  regard  to  the  space-relations 
of  the  total  impression  is  that  there  must  be  a  surface.     A 
point  in  the  vision-field,  i.e.,  a  light  impression  not  perceived 
as  a  surface,  no  matter  what  its  intensity  or  its  changes  of 
intensity,  never  has  the  property  of  lustre. 

7.  There  remains  now  as  the  only  possibility  the  conclusion 
that  metallic  lustre  depends  on  spacial  or  spacial-temporal 
relations  of  the  parts  of  the  impression  to  one  another.     These 
relations  can  only  have  a  meaning  if  the  parts  of  the  impression 
which  come  in  question  show  differences  of  quality  or  intensity. 
But   since,    as   mentioned   above,    metallic   lustre   occurs   in 
objects  which  reflect  completely  colourless  light,  and  since, 
further,  monochromatic  illumination  does  not  destroy  metallic 
lustre,  the  quality  of  the  parts  of  the  impression  cannot  be 
influential.     Metallic  lustre  must,  therefore,  depend  on  spacial 
or  spacial-temporal  relations  of  parts  of  the  total  impression 
which  differ  in  intensity. 
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8.  These  relations  of  the  parts  of  the  impression  or  of  the 
retinal  images  to  one  another  are  either  constant,  therefore 
spacial    only,    or    changing,    therefore    spacial-temporal.     If 
constant  space  relations  were  the  basis  of  the  phenomenon  of 
metallic  lustre,   then  it  must  be  possible  to  reproduce  this 
phenomenon  through  a  certain  arrangement  of  different  in- 
tensities in  the  surface.     But  this  is  not  the  case.     There  can 
accordingly  only  be  inconstant  relations  concerned.     These 
may  be:   (a)    intensity-changes   with   fixed    space    relations, 
(6)   intensity-changes   with   changing  space    relations.      The 
first  case  can  occur  only  if  the  parts  of  the  metallic -lustrous 
surface  are  either  self-luminous  or  illuminated  independently 
of  each  other  by  changing  light-sources  of  different  intensities. 
This  case  is,  however,  entirely  excluded.     The  question  must, 
therefore,  be  concerning  changes  of  intensity  with  changing 
space  relations. 

9.  The  occurrences,  which,   so  far  as  concerns  the  retinal 
image,  play  their  part  in  two-dimensional  space,  must,  so  far 
as  the  objects  are  concerned,   either  be  likewise  of  a  two- 
dimensional  nature  or  demand  for  their  occurrence  the  depth 
dimension.     In  the  former  case  a  change  of  position  of  the 
points  of  different  intensity  in  the  surface  must  be  assumed. 
This  change  of  position  cannot  be  caused  by  a  change  of  the 
spacial  relation  of  the  object-surface  to  the  eye;  for  through 
such  a  change  nothing  would  be  effected  which  could  not  also 
be  produced  by  movement  of  objects  with  dull  and  not  homo- 
geneous  surfaces.     Since,   however,   in   the   metallic-lustrous 
objects  known  to  us  we  cannot  speak  of  an  objective  change 
of  position  of  single  reflecting  parts,  there  remains  then  only 
the  possibility  that  the  objective  arrangement  of  the  light  upon 
which  metallic  lustre  depends  is  three-dimensional. 

10.  Inconstant  three-dimensional  relations  in  visual  space 
with  constant  space-relations  of  the  parts  of  the  object  to  one 
another   can   only   be   parallactic   relations.     Metallic   lustre 
must  accordingly  have  its  cause  in  some  parallactic  relation 
between  sight-organ  and  object. 

11.  There  are  three  parallactic  relations  possible  in  three- 
dimensional  visual  space,   (i)  the  binocular  parallax,   (2)  the 
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movement  parallax,  (3)  the  parallax  of  indirect  vision. 
The  binocular  parallax  can  have  no  influence  upon  the 
phenomenon,  for  the  latter  is  quite  as  well  perceived  monocu- 
larly.  It  never  seems  to  play  even  an  auxiliary  part.  For 
in  the  binocular  union  of  stereoscopic  photographs,  the  surface 
lustre  shows  excellently,  but  there  is  no  trace  of  metallic 
lustre.  The  parallactic  phenomena  depending  on  the  change 
of  place  of  the  object  or  of  the  eye  have  no  meaning  for  metallic 
lustre  for  it  is  perceived  with  the  unmoved  eye  and  with  com- 
plete rest  of  the  object. 

12.  It  follows  then  as  the  only  possibility  that  metallic 
lustre  depends  on  the  parallax  of  indirect  vision. 

13.  The  phenomena  of  the  parallax  of  indirect  vision  are, 
in  apparently  homogeneous  surfaces,  as  the  metallic-lustrous 
bodies  seem  to  possess  them,  possible  in  the  following  cases : 

(a)  If  the  surface  is  not  actually  even  or  of  constant  curva- 
ture, but  is  made  up  of  many  small  surfaces  inclined  to  one 
another,  which  reflect  regularly  and  are  so  small  that  they 
cannot  be  perceived  separately.  Since  every  one  of  these 
small  mirror  surfaces  reflects  the  rays  coming  from  the  strong- 
est light-source  only  in  one  direction,  every  change,  even  the 
slightest,  of  the  position  of  the  object  or  of  the  eye  and  every 
smallest  fluctuation  of  the  accommodation  or  fixation  must 
produce  a  change  in  the  position  and  brightness  relations  of 
the  single  light  points.  These  changes  or  parallactic  displace- 
ments are  indeed  too  small  to  be  directly  spacially  perceived. 
But  they  are  great  enough,  on  the  ground  of  the  peculiar  use 
of  the  parallax  of  indirect  vision  for  depth  perception,  to  give 
rise  to  a  characteristic  phenomenon  which  is  not  to  be  mistaken 
for  any  other. 

(6)  If  the  metallic-lustrous  body  consists  of  many  small 
parts  (crystals)  which  are  separated  by  empty  interstices  (or 
interstices  filled  with  an  optically  thin  material)  and  which 
regularly  transmit  a  large  proportion  of  the  light,  and  have 
mirroring  (i.e.,  regularly  reflecting)  surfaces.  The  light  re- 

(*)  Vide  article  by  the  same  author  on  Die  Parallaxe  des  indirecten  Sehens  und 
spaltf'rmigen  Pupitten  der  Katze.     (Philos.  Studien,  ix,  447  etc.) 
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fleeted  in  a  given  direction  consists  then  of  several  components, 
which,  because  of  the  different  reflection-sources,  have  a  more 
or  less  great  path-difference.  The  components  of  one  and 
the  same  ray,  therefore,  act  as  rays  from  different  distances. 
Every  change  in  the  dioptric  condition  of  the  eye  (change  of 
the  accommodation,  displacement  of  the  diaphragms  in  the 
rotation  of  the  eye  around  its  centre),  even  if  it  is  extremely 
small  and  takes  place  quite  unconsciously,  must,  therefore, 
entail  the  above-mentioned  changes  in  the  configuration  of 
the  bright  and  dark  points  of  the  retinal  image,  which  are 
characteristic  for  the  parallax  of  indirect  vision. 

Of  these  two  possibilities  the  latter  seems  to  be  the  more 
probable,  inasmuch  as  it  is  confirmed  by  the  results  of  physical 
investigations. 

14.  It  must  be  possible  to  produce  the  phenomenon  of 
metallic  lustre  artificially  by  wholly  non-metallic  means,  so 
far  as  the  conditions  can  be  reproduced  for  the  occurrence  of 
the  parallax  of  indirect  vision  in  such  a  way  that  the  parallactic 
displacements  cannot  be  directly  recognized  as  changes  of 
position  and  distance.  [This  conclusion  is  experimentally 
completely  confirmed  by  the  preparations  made  by  Professor 
Kirschmann  and  described  in  the  article  from  which  the  above 
summary  is  translated.] 

2.  Experiments  on  Intensity  as  a  Condition  of  Lustre.  We 
return  now  to  our  subject  proper,  viz.,  the  relation  of  intensity 
to  the  perception  of  stereoscopic  lustre.  The  characteristic 
of  lustre,  as  we  have  seen,  is  incomplete  mirroring,  or  the  com- 
bination of  regular  and  diffuse  reflection.  A  lustrous  surface 
reflects  the  light  which  falls  upon  it  partly  diffusely,  i.e.,  in- 
differently in  all  directions,  and  partly  regularly,  i.e.,  with  a 
constant  relation  of  the  angles  of  incidence  and  of  reflection. 
From  a  certain  direction  or  directions,  a  lustrous  surface,  on 
account  of  this  regular  reflection,  appears  brighter  than  from 
all  others.  Therefore,  in  binocular  vision  a  given  point  in  a 
lustrous  surface  has  never  the  same  intensity  for  the  two  eyes ; 
and  the  nearer  the  approach  to  complete  mirroring  the  greater 
will  be  the  difference.  Now  by  making  use  of  the  stereoscope 
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we  can  construct  the  objects  to  be  presented  to  the  two  eyes 
separately  so  as  to  produce  by  independent  illumination  of 
them  those  differences  of  brightness  which  in  ordinary  binocular 
vision  are  due  to  the  spacial  relations  of  the  object  to  the 
respective  eyes.  Having  the  conditions  thus  under  control 
we  can  vary  the  relation  of  the  intensities  at  our  will,  and  by 
this  means  can  determine  within  what  limits  of  brightness 
contrast  between  the  retinal  images  the  phenomenon  of  lustre 

occurs. 

The  lustre  thus  produced  is  sometimes  called  an  "illusion" 

of  shine  or  polish.1  The  difference,  however,  must  be  pointed 
out  between  this  case  and  those  referred  to  by  Kirschmann, 
as  cited  above,  where  the  appearance  of  lustre  is  produced  in 
a  painting  by  pigments  of  contrasting  brightness  or  on  a  dull 
surface  by  appropriate  independent  illumination  of  adjacent 
parts.  In  the  latter  cases  the  same  optical  conditions  do  not 
exist  as  in  the  perception  of  genuine  lustre,  as  may  be  seen 
by  moving  the  head  or  closing  the  eyes  alternately,  when  the 
brighter  part  of  the  surface  does  not  change  its  relative  position, 
as  would  be  the  case  if  the  surface  were  lustrous.  Such  a  case 
may  be  properly  termed  an  illusion,  because  a  characteristic 
that  is  taken  for  a  sensational  element  is  in  reality  supplied 
by  memory  or  imagination.  In  the  case  of  images  of  different 
intensity  binocularly  combined  by  the  help  of  the  stereoscope, 
however,  the  optical  conditions  are  precisely  those  which 
exist  in  the  ordinary  binocular  perception  of  lustre,  although 
produced  by  different  objective  arrangements,  and  there  is, 
therefore,  psychologically  no  reason  for  calling  it  an  illusion; 
it  is  real  lustre. 

For  the  purpose  of  determining  the  limits  of  intensity  con- 
trast for  the  production  of  stereoscopic  lustre,  some  experi- 
ments were  made  with  an  apparatus  the  same  in  principle  as 
that  employed  for  the  experiments  in  depth  perception,  re- 
ferred to  in  a  preceding  section.  As,  however,  the  apparatus 
was  re-constructed,  introducing  some  improvements,  a  full 
description  is  here  given,  and  a  stereoscopic  picture  of  it  is 

1Sanford,  Experimental  Psychology,  p.  172. 
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shown  in  Fig.  4.  To  the  front  of  a  table  68  cm.  square,  at  a 
height  of  35  cm.  above  it,  are  fixed  two  stereoscopes,  the  inner 
lens  of  each  of  which  may  be  covered  by  a  small  shutter,  which 
has  a  spring  to  keep  it  open  when  not  in  use.  Behind  the 
stereoscopes  is  an  episkotister  disc  turned  by  an  electric  motor ; 
this  disc  is  constructed  so  as  to  vary  the  light  transmitted 
from  o°  to  320°.  The  stereoscopes  are  arranged  before  the 
episkotister  in  such  a  way  that  one  eye  looks  through  it,  while 
the  other  is  unobscured.  Close  behind  the  disc  is  a  thin 
wooden  screen  of  the  width  of  the  table  and  60  cm.  in  height, 
painted  a  dead  black.  Through  this  screen  are  cut  two  open- 
ings on  each  side  50  mm.  square,  opposite  the  lenses  of  the 
stereoscopes.  Behind  this  again  is  a  second  black  wooden 
screen,  attached  to  the  table  in  such  a  way  as  to  be 
easily  moved  backward  or  forward.  On  this  screen  the 
objects  are  fastened.  Each  set  of  objects  was  lighted  by  an 
electric  lamp  placed  between  the  screens,  and  suspended 
from  the  front  one.  The  motor  which  turned  the  disc  was 
also  placed  between  the  screens.  The  adjusting  of  the  disc 
was  facilitated  by  the  use  of  an  incandescent  lamp  attached 
by  a  bracket  to  the  front  of  the  apparatus,  which  was  turned 
off  during  the  observations,  and  when  in  use  screened  by  a 
shade  from  the  eyes  of  the  observer.  The  experiments  were 
conducted  in  a  dark  room,  and  the  apparatus  covered  with  a 
black  cloth,  so  that  the  eyes  might  be  shaded  as  completely 
as  possible  from  all  light  except  that  reflected  from  the  objects 
to  be  observed.  The  objects  used  were  of  two  kinds.  Those 
shown  in  Fig.  5  were  drawings  on  black  and  white  paper 
respectively,  having  a  back-ground  of  grey  cardboard  to 
which  the  drawings  were  fixed.  The  two  drawings,  when 
combined  by  means  of  the  stereoscope,  presented  the  appear- 
ance of  a  truncated  hexagonal  pyramid,  with  its  apex  project- 
ing towards  the  observer.  A  modification  of  the  drawings 
as  shown  in  the  cut  was  made  by  drawing  the  lines,  both  on 
the  black  and  white,  with  gold  bronze,  the  contrast  between  the 
black  and  white  lines  being  so  great  as  to  cause  strife  of  con- 
tours. The  other  objects  used  were  also  outline  drawings, 
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which  were  etched  upon  small  squares  of  thin  plateglass,  and 
placed  over  the  openings  in  the  front  screen  of  the  apparatus, 
squares  of  white  cardboard  and  black  velvet  respectively 
being  fixed  behind  them  upon  the  screen  at  the  back  of  the 
apparatus.  These  etchings  are  illustrated  in  Figs.  6  and  7. 
One  pair  of  them  forms,  when  combined  stereoscopically,  a 
truncated  pyramid  which  projects  toward  the  observer.  The 
other  pair  forms  a  transparent  octohedronal  crystal.  In  the 
experiments  the  drawings  were  so  placed  at  first  that  the  one 
on  the  black  ground  was  seen  directly,  that  on  the  white 
through  the  episkotister  disc.  By  diminishing  the  amount 
of  light  admitted  through  the  episkotister  the  light  reflected 
from  the  white  surface  was  approximated  to  that  reflected 
from  the  black,  till  at  a  certain  point  the  intensities  would 
be  equal,  and  beyond  that  again  the  white  surface  would 
become  the  darker.  Beginning  then  on  the  left  hand  with 
the  left  eye  unobscured  regarding  the  drawing  upon  the  black 
surface,  and  the  right  eye  looking  through  the  episkotister  at 
the  drawing  upon  the  white  surface,  the  disc  was  set  so  as  to 
admit  only  a  single  degree  of  light.  The  observer  then  looked 
through  the  stereoscope  and  reported  the  effect  both  as  to 
lustre  and  as  to  the  stereoscopic  combination  of  the  objects. 
Then  changing  over  to  the  right  stereoscope  the  observation 
was  repeated,  but  this  time  with  the  obscured  white  object 
before  the  left  eye  and  the  unobscured  black  before  the  right 
eye.  The  disc  was  then  adjusted  to  admit  a  little  more  light 
and  the  observations  repeated,  and  so  on  until  the  point  had 
been  passed  beyond  which  no  difference  was  observable 
whether  the  one  eye  was  obscured  by  the  disc  or  received  the 
full  light.  Then  beginning  at  a  point  beyond  this  upper  limit 
the  light  was  gradually  decreased  to  the  least  amount  that  the 
disc  could  be  adjusted  to  admit.  A  second  series  of  trials 
was  then  made  with  the  objects  transposed,  so  that  the  white 
was  seen  directly  and  the  black  obscured  by  the  episkotister, 
the  effect  of  which  was  of  course  to  make  the  difference  be- 
tween the  intensities  of  the  two  impressions  greater  than  that 
between  the  black  and  white  used  in  equal  illumination,  and 
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at  each  increase  of  the  amount  of  light  admitted  through  the 
disc  to  diminish  instead  of  increasing  the  difference  of  inten- 
sity. The  illumination  used  throughout  was,  with  the  draw- 
ings upon  paper,  that  of  a  32  c.p.  electric  lamp  on  each  side; 
with  the  glasses  16  c.p.  lamps  were  used.  The  results  are 
given  in  Tables  X-XII.  The  judgments  were  found  to  be 
somewhat  difficult,  and  the  results  of  other  than  trained 
observers  were  not,  therefore,  of  much  value.  The  number 
of  observers  whose  results  are  given  is  small,  but  all  had  the 
advantage  of  much  practice. 

TABLV  X.     OBJECT,  HEXAGONAL  PYRAMID.     AVERAGE  OF  FOUR 
OBSERVERS. 


Opening  of  Disc                 ; 

Ratio  of 
White  to 

Lustre 

Stereoscopic 
Effect 

White 

Black                      Black 

Obscured 

Obscured 

2*° 

.31                None. 

Partial. 

1*1° 

.... 

i-53 

Slight 

Partial. 

16° 

.... 

2  .  oo               Slight. 

Complete. 

5°° 

62.50              Good. 

Complete. 

J'° 

360.00 
375-69 

Good. 
Good. 

Complete. 

Partial. 

16}° 

996.76 

Slight. 

Partial. 

9*° 

1705.26 

None. 

Partial. 

TABLE  XI.     OBJECT,  RECTANGULAR  PYRAMID.     AVERAGED  RESULTS  OF 
THREE  OBSERVERS. 


Opening  of  Disc 

Ratio  of 
White  to                    Lustre 
Black 

Stereoscopic 
Effect 

White                      Black 

Obscured                Obscured 

o°                                                 2  .  89            None. 

Partial. 

10° 

3.21 

Slight. 

Partial. 

1  8° 

5.78            Slight 

Complete 

42° 

13.50           Good. 

Complete. 

iio° 

378.70           Good. 

Complete  . 

.... 

7'° 

586.72            Imperfect 

Complete 

.... 

23° 

1811.18            Slight. 

Partial. 

*20° 

2082.85 

None. 

Partial  . 

*  Average  of  two  observers  only. 
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TABLE  XII.     OBJECT,  CRYSTAL.     AVERAGED  RESULTS  OF  THREE 
OBSERVERS 


Opening  of  Disc 

Ratio  of 
White  to 
Black 

Lustre 

Stereoscopic 
Effect 

White 

Black 

Obscured 

Obscured 

5° 

I  .60 

None 

Partial. 

8° 

.... 

2-57 

Slight. 

Partial. 

14° 

4-5° 

Imperfect. 

Complete  . 

30° 

9.64 

Good. 

Complete  . 

55° 

771.70 

Good. 

Complete  . 



45°o 

25° 

920.00 
1666.28 

Good. 
Slight. 

Complete  . 
Partial. 

.... 

21° 

1983.66 

Slight. 

None. 

The  first  column  of  the  tables  gives  the  openings  of  the  disc 
(in  degrees)  when  the  drawings  upon  white  were  obscured  by 
the  episkotister.  The  second  column  gives  the  openings  when 
the  black  is  obscured  by  the  disc.  The  third  column  shows 
the  relation  of  the  intensities  of  the  white  seen  to  those  of  the 
black.  This  is  obtained  by  measuring  photometrically  the 
relative  intensities  of  the  black  paper,  the  black  velvet,  and 
the  white  paper  used,  and  from  those  measurements  and  the 
epistokister  openings  calculating  the  intensity  in  each  case. 
The  numbers  given  represent  the  intensity  at  each  point 
where  a  change  occurs,  either  as  to  the  lustre  or  the  stereoscopic 
combination  of  the  objects.  Beyond  the  limits  of  the  numbers 
given,  in  either  direction,  there  was  neither  lustre  nor  stereo- 
scopic effect. 

A  curious  phenomenon  noticed  by  some  observers  in  the 
course  of  these  experiments  was  a  sort  of  depth  contrast. 
When  the  shutter  on  the  front  of  the  stereoscope  was  closed 
for  the  purpose  of  comparing  the  monocular  with  the  binocular 
effect,  the  stereoscopic  depth  would  first  disappear,  and  then 
sometimes  there  would  appear  a  distance  effect  the  opposite 
of  that  seen  with  the  shutter  open;  e.g.,  when  stereoscopically 
there  appeared  a  pyramid  with  the  apex  toward  the  observer, 
on  the  closing  of  the  shutter  there  would  be  first  a  flat  surface 
with  lines  upon  it,  and  then  in  a  moment  came  a  hollow  pyra- 
midal box  with  the  base  toward  the  observer. 
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SUMMARY  OF  RESULTS. 

1.  For  the  production  of  any,  even  the  slightest,  degree  of 
stereoscopic  lustre,   one  retinal  impression  must  be,   on  an 
average,  from  one  and  a  half  to  three  times  as  bright  as  the 
other,  according  to  the  objects  observed. 

2.  Greater    constancy    is    apparent    regarding    the    upper 
limit  of  contrast,  beyond  which  no  lustre  appears,  which  is, 
approximately,  when  one  image  is  about  1900  times  as  bright 
as   the   other. 

3.  The  figures  regarding  the  limits  for  perfect  lustre  are  the 
least  regular,  the  lower  limit  ranging  from  a  ratio  of  white  to 
black  of  9.64  to  one  of  62.50,  and  the  ratio  at  the  upper  limit 
varying  from  375.69  to  920.00.     The  reason  for  the  greater 
variation  here  is  no  doubt  the  complexity  of  the  judgments 
required.     It  is  difficult  to  determine  what  is  to  be  set  down 
as  perfect  or  imperfect,  and  probably  no  two  observers  would 
give  the  same  decision  upon  that  point,  nor  even  the  same 
observer  at  different  times. 
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AND  ITS  REL5TION  TO  INTENSITY  fiND  QOflLlTY  OF 
LIGHT  SENSJTION 


SECOND  ARTICLE 


STEREOSCOPIC  VISION  AND  QUALITY  OF  LIGHT  SENSATION 


BY 


T.  R.  ROBIXSOX,  B.A. 


STEREOSCOPIC     VISION     IN     ITS     RELATION      TO 
QUALITY    OF    LIGHT    SENSATION. 


In  the  former  article  l  an  account  was  given  of  some  experi- 
ments upon  the  application  to  the  two  retinas  of  light  stimuli 
of  different  intensity.  There  are  some  phenomena  of  equal 
interest  which  occur  when  the  respective  parts  of  the  stimulus 
are  of  different  quality.  The  presentation  of  different  colour 
stimuli  simultaneously  to  the  two  eyes  may  have  various  re- 
sults, according  to  the  degree  of  difference  in  the  quality  of 
the  stimuli.  In  the  experiments  now  to  be  described  the  fol- 
lowing questions  were  kept  in  view  : 

(1)  Will  the  results  obtained  by  the  previously  reported 
experiments  with  uncoloured  light  be  essentially  altered  by 
the  introduction  of  the  colour  factor  ? 

(2)  What  are  the  limits  of  possibility  for  binocular  mixture 
of  qualitatively  different  retinal  impressions  ? 

1  University  of  Toronto  Studies,  Psychological  Series,  Vol.  ii,  Xo.  2. 

(3)  How  is  such  binocular  mixture  of  colours  related  to 
the  stereoscopic  combination  of  the  retinal  images,  i.e.,  do 
differences  of  colour  affect  the  stereoscopic  combination,  or, 
on  the  other  hand,  does  the  stereoscopic  combination  facilitate 
or  hinder  the  binocular  mixture  of  colours  ? 

I.       COMPARISON    OF    MONOCULAR   AND    BINOCULAR 
INTENSITIES   IN   COLOURED   LIGHT 

A  few  experiments  were  made  upon  this  point  in  the  course 
of  an  investigation  by  the  author  in  connection  with  Fechner's 
paradox, l  referred  to  more  fully  in  the  preceding  article. 
Those  experiments,  however,  were  comparatively  few  in 
number,  and  made  with  only  one  absolute  intensity,  so  that 
the  results  were  not  conclusive.  The  chief  differences  from 
the  results  with  white  light  were  that  the  judgments  were 
more  difficult  and  less  decided,  and  that  the  region  of  equality 
in  intensity  between  monocular  and  binocular  vision  extended 
over  a  wider  field.  The  differences  between  the  results  of 
the  same  two  observers  were  noticeably  greater  than  with 

1  American  Journal  of  Psychology.  Vol.  vii,  Xo.  i,  pp.  9  etc. 
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uncoloured  light,  perhaps  because  the  intensity  values  of  the 
colours  were  not  the  same  for  different  observers. 

A  further  series  of  experiments  has  been  made,  following 
a  modification  of  the  former  method.  The  apparatus  was  the 
same  as  that  used  for  the  experiments  in  binocular  lustre, 1 
except  that  the  objects  observed  were  plane  coloured  surfaces 
instead  of  stereoscopic  objects.  On  each  side  were  two 
brightly  illuminated  coloured  surfaces,  which  were  combined 
by  means  of  the  stereoscope.  Before  one  of  them  the  episko- 
tister-disc  was  revolved,  so  that  the  surfaces  differed  in  bright- 
ness, while  remaining  similar  in  all  other  respects.  The  differ- 
ence in  brightness  could,  of  course,  be  varied  by  re-adjusting 
the  disc.  The  colour  was  furnished  by  coloured  gelatine  or 
thin  glass  plates  placed  over  the  openings  in  the  front  screen 
of  the  apparatus,  white  paper  being  placed  opposite  them  on 
the  screen  or  wall  at  the  back.  The  experiments  were  made 
in  a  dark  room  by  two  observers,  who  took  turns  in  operating 
for  each  other.  They  began  in  each  case  with  monocular 
vision,  i.e.,  by  looking  through  the  stereoscope  with  the  shutter 
covering  the  lens  before  which  the  disc  revolved.  Then,  after 
the  observer  had  looked  for  a  few  moments,  the  shutter  was 
opened,  and  he  at  once  reported  whether  the  brightness  was 
equal  to,  greater  or  less  than  that  of  monocular  vision.  A 
series  was  made  by  increasing  the  opening  of  the  disc  until  the 
raising  of  the  shutter  plainly  resulted  in  an  increase  of  bright- 
ness, then  by  decreasing  the  opening  until  monocular  and 
binocular  intensities  appeared  equal,  and  still  further  until 
the  opening  of  the  shutter  caused  a  just  noticeable  decrease 
of  brightness.  Then  the  opening  of  the  disc  was  gradually 
widened  till  the  equal  region  was  reached  again  and  still 
further  till,  on  the  opening  of  the  shutter,  there  was  a  just 
noticeable  increase  of  brightness.  In  the  results  of  observer 
"J"  the  average  of  the  "equal''  judgments  is  given  for  each 
series.  The  results  of  observer  "H"  were  calculated  a  little 
differently,  taking  the  average  of  the  degrees  of  opening  of 

1  University  of  Toronto  Studies,  Psychological  Series,  Vol.  ii.  No.  2,  p.  77. 
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the  disc  when  the  judgments  were  "brighter,"  "darker"  and 
"equal,"  the  values  for  "brighter"  and  "darker"  being  regarded 
as  the  limits  for  the  region  of  equality.  The  colours  used 
were  from  near  the  middle  and  ends  of  the  spectrum,  being 
respectively  red,  green  and  blue.  Similar  series  were  also 
made  with  white  light  for  the  purpose  of  comparison.  The 
wave-lengths  of  the  respective  colours  were  approximately 
as  follows  :  red  61^-40^,  green  480-560/1^,  blue  440-500^. 

Certain  special  difficulties  were  found  in  experimenting 
with  coloured  light.  First,  there  was  the  necessity  of  ab- 
stracting intensity  changes  from  saturation  changes  with 
increasing  or  decreasing  illumination.  This  made  the  judg- 
ments in  some  cases  very  difficult,  especially  with  the  blue 
light.  When  the  opening  of  the  disc  was  very  small  there 
was  competition  of  the  vision  fields,  that  of  the  darkened  eye 
having  either  no  colour,  or  a  slight  tinge  of  yellow,  due  to 
binocular  contrast.  Secondly,  the  disturbing  effect  of  after- 
images had  to  be  more  carefully  guarded  against.  Again, 
each  observer  found  himself  able  to  distinguish  differences 
of  brightness  more  readily  with  certain  colours  than  with 
others.  Thus  the  discrimination  of  "H"  was  best  with  green, 
that  of  "J"  with  red.  A  further  obstacle  in  the  way  of  com- 
paring the  results  with  different  colours  is  that  the  same 
illumination  could  not  be  used  for  all  the  colours.  With  the 
red  it  was  found  necessary  to  use  a  100  c.p.  lamp,  as  with 
weaker  illumination  the  "equal"  limits  could  not  be  passed 
in  both  directions.  On  the  other  hand  this  very  bright  light 
had  certain  disturbing  effects  on  account  of  which  it  was  not 
used  with  the  other  colours;  the  fatigue  of  the  eye  was  very 
great,  and  the  after-images  gave  more  trouble.  Observer  "J" 
noted,  however,  in  spite  of  these  hindrances,  that  discrimin- 
ation was  less  difficult  with  red  than  with  white  light. 

The  results  of  these  experiments  are  given  in  Tables  I  and 
II.  They  show  the  same  general  dependence  of  the  relation 
of  monocular  to  binocular  intensity  upon  the  absolute  intensity 
of  illumination  as  is  shown  in  the  experiments  with  uncoloured 
light.  Difference  of  quality,  therefore,  does  not  apparently 
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affect  the  intensity  relations.  Where  the  brightness  of  the 
coloured  light  is  approximately  the  same  as  with  red  and 
green,  the  results  show  very  little  difference.  On  the  other 
hand,  the  very  great  difference  of  average  values  between 
blue  and  red  or  green  may  perhaps  not  be  due  solely  to  the 
difference  of  brightness.  This  indeed  seems  probable  in  view 
of  the  fact  that  in  the  former  experiments,  where  the  colours 
were  of  equal  brightness,  the  values  for  blue  were  with  both 
observers  higher  than  those  for  red. 

TABLE  I. — OBSERVER  H. 


Light  Used 

Amount  of  Light  in  the  Second  Eye 
which  has  no  effect  on  Brightness"  of 
Common  Visual  Field 

Quality 

Illumination 

Intensity 
Photo- 
metrically 
Measured 

Opening  of 
the  Disc 

Units   of 
Intensity 

Ratio  of  the 
Light  in  the 
Other  Eye 

Blue  

50  C.p.  lamp 
50  c.p.  lamp 
100  c.p.  lamp 
16  c.p.  lamp. 

I 
9.69 

IO  .  OO 
22  .  50 

9°o 
253° 

235° 
267° 

•25 
6.78 
6  .  50 
16.65 

•25 
.70 

•65 
•74 

Green  
Red  

White  

TABLE  II. — OBSERVER  J. 


Light  Used 


Amount  of  Light  in  the  Second  Eye 
which  has  no  effect  on  Brightness  of 


Quality 

Illumination 

Intensity 
Photo- 
metrically 
Measured 

Common  Visual  Field 

Opening  of 
the  Disc 

Units  of 
Intensity 

Ratio  of  the 
Light  in  the 
Other  Eye 

Blue  
Green  
Red  

50  c.p.  lamp. 
50  c.p.  lamp. 
100  c.p.  lamp. 
1  6  c.p.  lamp. 

I 
9.69 

IO  .  OO 

22.50 

H4° 
255° 
247 
267 

•31 
6.86 
6.86 
16.65 

•31 
.70 
.68 
•74 

White.    .  . 

II.    BINOCULAR   MIXTURE   OP   COLOURS 

The  experiments  to  be  described  in  this  section  were  con- 
ducted with  the  purpose  of  discovering  the  effects  of  various 
degrees  of  difference  in  quality  between  the  two  retinal  im- 
pressions. There  were  four  series  of  experiments  :  (i)  the 
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first  series  was  made  with  small  coloured  surfaces  upon  a 
dark  field;  (2)  in  the  next  series  stereoscopic  figures  against 
a  dark  ground  were  observed,  the  impressions  in  the  respective 
eyes  being  differently  coloured;  (3)  in  the  third  case,  stereo- 
scopic figures  were  employed,  and  one  retinal  image  was 
coloured,  the  other  uncoloured;  (4)  in  the  fourth  series,  an 
entirely  different  method  was  employed,  and  the  colours 
occupied  the  whole  vision  field,  instead  of  only  a  part  of  it. 

(i)  Plane  coloured  surfaces  upon  a  dark  field.  The  colours 
used  were  approximately  spectrally  pure,  the  surfaces  ob- 
served being  of  Milton-Bradley  coloured  paper,  illuminated 
by  light  which  passed  through  combinations  of  coloured 
gelatines.  A  stereoscopic  picture  of  the  apparatus  employed 
is  shown  in  Fig.  i,  and  a  schematic  representation  of  it,  as 
seen  from  above,  is  given  in  Fig.  2.  Across  the  back  of  a 
table,  A,  66  cm.  long  and  42  cm.  wide,  is  fixed  a  screen,  Br 
of  the  same  width  as  the  table  and  65  cm.  high;  18  cm.  before 
this  screen  is  another,  C,  of  similar  dimensions.  Between 
these  two  screens,  at  the  middle  of  the  table  there  is  a  par- 
tition, D,  to  enable  the  right  and  left  halves  of  the  rear  screen 
to  be  illuminated  independently  of  each  other.  The  top  of 
the  table  and  the  surfaces  of  the  screens  and  of  the  partition 
are  a  dead  black.  Upon  the  rear  screen,  two  thin  wooden 
discs,  E,  E,  one  on  each  side  of  the  partition,  are  fastened  by 
screws  at  the  centre  only,  so  that  they  may  be  turned  at  will. 
The  surfaces  of  these  discs  are  divided  into  seven  sectors,, 
covered  with  Milton-Bradley  coloured  papers.  The  discs  are 
so  placed  that  the  inner  edge  of  each  comes  dose  to  the  dividing 
partition.  In  the  centre  of  the  front  screen,  25  mm.  apart t 
and  one  on  each  side  of  the  partition,  are  two  openings,  a,  ar 
45  mm.  square,  through  each  of  which  can  be  seen  a  portion 
of  one  sector  only  of  the  colour  disc  opposite  it.  Turning  the 
discs  thus  brings  each  colour  in  succession  before  the  openings. 
For  illuminating  the  discs  there  are  employed  two  sheet  iron 
tubes,  F,  F,  15  cm.  square,  and  91  cm.  long.  The  front 
ends  of  these  tubes  are  inserted  through  openings  which  they 
exactly  fit  in  the  front  screen.  The  inner  edges  of  the  tubes 
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are  16  cm.  apart,  and  they  are  on  a  level  with  the  portions 
•of  the  discs  visible  through  the  smaller  openings  before  de- 
scribed. The  latter  are  thus  directly  between  the  openings 
which  admit  the  ends  of  the  tubes.  In  order  that  the  tubes 
may  not  interfere  with  the  position  of  the  observer  before 
the  apparatus,  they  are  placed  at  an  angle  so  that  their  outer 
•ends  are  widely  apart.  In  each  tube  is  a  moveable  block, 
fitting  the  inside  of  the  tube,  to  the  front  of  which  is  attached 
a  socket  for  an  incandescent  electric  lamp.  The  upper  side 
•of  each  tube  has  a  narrow  slit,  b,  b,  running  nearly  its  whole 
length,  through  which  projects  an  attachment  to  the  block 
for  affixing  the  wires  which  connect  with  the  light  socket, 
and  a  screw,  c,c,  for  fixing  the  block  at  any  desired  distance 
from  the  ends  of  the  tube.  The  front  end  of  each  tube  is 
fitted  with  a  groove,  d,d,  into  which  were  slipped  frames  con- 
taining the  combinations  of  gelatines  through  which  the  light 
passed  before  falling  upon  the  sectors  of  the  discs.  During 
the  experiments  all  other  light  was  excluded  from  the  room. 
By  the  use  of  varying  combinations  of  papers  and  gelatines, 
the  spectrum  was  divided  into  twelve  approximately  equal 
divisions.  These  colours  are  the  same  as  were  used  by  Miss 
Baker  in  her  work  upon  the  aesthetics  of  colour  combinations. 
Their  spectroscopical  analysis  is  given  below. 

SPECTROSCOPICAL  ANALYSIS  OF  COLOURS. 


NAME  OF  COLOUR 

WITH  NARROW  SLIT 

WITH  WIDE  SLIT 

Visible  part  of 
Spectrum  in  p,p. 

Region  of  great- 
est intensity  in 

W 

Visible  part  of 
Spectrum  in  p./M 

Region  of  great- 
est intensity  in 

fJLfl 

Red  

665(?)-592.5 
622.5-582.5 
607.5-552.5 
587.5-547.5 
580-512.5 

565-497-5 
542.5-492.5 
525-472.5 
570-460 
482.5-432.5 
687.5-665 
485-440 
680—645 
480-430 

635-610 
612.5-592.5 
585-562.5 
562.5-557.5 
562.5-535 
535-525 
530-507-5 
512.5-495 

492.5-475 
470-462.5 
462.5-455 

672.5(?)-58o 
635-580 
622.5-547.5 

6I7-5-537-5 
615-492.5 
580-480 
570-480 
550-447.5 

535-445 
497.5-430 
f  700-665 
1487.5-430 
680-635 
497.5-430 

657-5-6I5 
622.5-592.5 
607.5-562.5 
602.5-555 

587-5-555 
555-530 

537-5-5I7-5 

525-5°2-5 
572-5-492-5 
475-455 
470-452.5 

475-460 

Orange-Red.  .  . 
Orange  

Orange-  Yellow. 
Yellow  

Yellow-Green.  .  . 
Green  

Green-Blue.  .  .  . 
Blue  

Violet  

Violet-Purple  j 
Purple  .  .      .  .  •[ 
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Their  complementary  relations  are  also  stated  very  fully  in 
Miss  Baker's  article.1  The  purpose  of  the  tubes  containing 
the  moveable  lamps  was  to  equalize  the  intensities  of  the  two 
colours  by  adjusting  the  distances  from  them  of  the  lamps. 
To  facilitate  this  adjustment  a  certain  intensity  of  the  green- 
blue,  a  colour  of  medium  intensity,  was  taken  as  the  normal, 
and  the  positions  of  the  lamps  required  for  the  various  colours 
in  order  to  give  intensities  equal  to  it  were  found  and  marked 
on  the  tubes.  In  a  few  cases,  where  one  gelatine  combination 
was  very  much  more  translucent  than  the  other,  the  length  of 
the  tubes  was  found  insufficient,  and  either  a  stronger  light 
had  to  be  used  for  the  duller  colour  or  a  sheet  of  white  tissue 
paper  placed  before  the  front  of  the  other  tube.  The  lamps 
commonly  used  throughout  were  32  c.p.  A  moveable  block 
was  placed  upon  the  front  of  the  table  in  a  groove  which  enabled 
it  to  slide  backward  and  forward.  To  this  block  was  attached 
an  upright  upon  which  was  fixed,  at  the  height  of  the  openings 
in  the  screen,  the  hood  of  an  ordinary  stereoscope,  G,  in  which 
the  glasses  had  been  replaced  by  others  of  a  somewhat  longer 
focal  distance. 

In  the  experiments  the  observer  takes  his  seat  in  front  of 
the  apparatus.  There  are  then  before  him  in  the  darkened 
room  two  small  square  coloured  surfaces,  of  different  colours, 
but  equally  bright.  Putting  his  head  into  the  hood  of  the 
stereoscope,  he  adjusts  the  latter  so  that  the  two  coloured 
surfaces  completely  coincide.  All  the  facts  regarding  the 
colour  of  the  surface  seen  are  then  noted,  and  the  colour  pre- 
sented to  one  of  the  eyes  remaining  the  same,  that  before  the 
other  is  changed,  and  a  new  observation  made.  This  is  re- 
peated till  the  constant  colour  has  been  combined  with  each 
of  the  other  colours  used.  Then  another  colour  is  taken  as 
the  constant  colour,  and  each  of  the  others  combined  with  it. 
To  vary  still  further  the  conditions,  with  some  observers  each 
colour  was  presented  to  each  of  the  eyes  of  the  observer  as 
the  constant  colour,  so  that  it  was  twice  combined  with  each 

1  University  of  Toronto  Studies,  Psychological  Series,  Vol.  ii,  Xo.i,  p.  16. 
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of  the  other  colours.  Four  combinations  of  each  colour  with 
each  other  colour  were  thus  effected  for  each  observer,  each 
colour  being  presented  to  each  eye  once  as  the  constant  colour, 
and  once  as  one  of  the  changing  series.  With  other  observers 
the  position  of  the  constant  colour  was  changed  from  right  to 
left  or  -vice  -versa  after  each  series,  but  only  one  series  was  made 
for  each  colour.  So  that  with  these  observers  only  two  com- 
binations of  each  colour  with  each  other  colour  were  obtained. 
Tables  III  to  VIII  give  the  combined  results  of  six  observers, 
with  four  of  whom  the  former  method  was  followed,  with  two 
the  latter;  so  that  in  the  experiments  which  these  tables  sum- 
marize each  of  the  twelve  colours  has  been  combined  with 
each  of  the  others  twenty  times. 

TABLE  III. — COMPLETE  RIVALRY. 

i.e.,    BOTH    COLOURS    UNCHANGED. 


R 

OR 

O 

OY 

Y 

YG 

G 

GB 

B 

V 

VP 

P 

R  . 

o 

o 

o 

o 

4 

6 

IO 

IO 

9 

2 

I 

42 

OR  

o 

o 

o 

i 

2 

4 

IO 

7 

7 

2 

2 

35 

o  

o 

o 

o 

o 

I 

3 

6 

8 

3 

4 

28 

OY  

o 

o 

o 

o 

o 

O 

3 

8 

9 

4 

2 

6 

32 

Y  

o 

I 

o 

o 

O 

2 

4 

7 

2 

I 

6 

23 

YG  

4 

2 

I 

o 

o 

o 

I 

7 

i 

3 

4 

23 

G  

6 

4 

•I 

7 

2 

o 

o 

i 

2 

0 

4 

25 

GB  

10 

IO 

6 

8 

4 

I 

0 

o 

O 

o 

I 

40 

B  

IO 

7 

8 

9 

7 

i 

o 

O 

o 

3 

S2 

V  

o 

7 

7 

4 

2 

i 

2 

o 

o 

o 

o 

28 

VP  

2 

2 

4 

2 

I 

7 

O 

o 

o 

O 

o 

14 

P  

I 

2 

7 

6 

6 

4 

4 

I 

7 

O 

o 

3° 

42 

35 

28 

32 

23 

23 

25 

40 

52 

28 

14 

3° 

372 

TABLE  IV. — PARTIAL  RIVALRY, 

i.C.,    RIVALRY    OF   THE    VISION    FIELDS,    BUT    WITH    ONE    OR    BOTH 
COLOURS     MODIFIED    OR    WEAKENED. 


R 

OR 

O 

OY 

Y 

YG 

G 

GB 

B 

V 

VP 

P 

R.. 

o 

o 

o 

7 

14 

1  1 

IO 

9 

IO 

4 

i 

66 

OR  

o 

o 

o 

2 

IO 

IO 

8 

IO 

ii 

c; 

2 

58 

O  

0 

o 

o 

O 

2 

O 

IO 

8 

17 

7 

6 

55 

OY  

0 

o 

o 

O 

o 

7 

7 

7 

Q 

Q 

5 

44 

Y  

o 

o 

o 

I 

Q 

8 

I  I 

12 

12 

62 

YG  

14. 

IO 

2 

o 

o 

o 

7 

7 

IO 

I"! 

I  I 

7° 

G  

1  1 

IO 

7 

I 

o 

I 

8 

8 

17 

17 

85 

GB  

IO 

8 

IO 

7 

O 

7. 

I 

o 

o 

6 

I  3 

67 

B  

IO 

8 

7 

8 

7 

8 

o 

o 

2 

9 

68 

V  

IO 

1  1 

i  ? 

1  1 

IO 

8 

o 

o 

O 

7 

75 

VP  

4 

e 

7 

12 

1  1 

17 

6 

2 

o 

O 

75 

P  

I 

2 

6 

c 

I  2 

1  1 

1  1 

1  1 

7 

O 

75 

66 

58 

55 

44 

62 

70 

85 

6? 

68 

75 

75 

75 

800 
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TABLE  V. — INCONSTANT  MIXTURE. 

COMBINATIONS    YIELDING    A    COLOUR    WHICH    IS    A    MIXTURE    OF    THE 
TWO    MOXOCULARLY    SEEN,    BUT    INCONSTANT. 


R 

OR 

0 

OY 

Y 

YG 

G 

GB 

B 

V 

VP 

P 

R 

o 

i 

2 

6 

i 

2 

o 

i 

o 

26 

OR 

o 

i 

I 

2 

c 

i 

2 

2 

28 

O  
OY  

i 

2 

i 
i 

o 

0 

i 
o 

4 
6 

2 
c 

2 
2 

4 

3 

5 

2 

4 

27 

TO 

Y  

6 

i 

I 

o 

2 

c 

c 

2 

•77 

YG 

i 

2 

4 

6 

2 

I 

7.O 

G 

2 

c 

2 

I 

6 

2 

7.8 

GB  
B  

O 

I 

I 
2 

2 

4 

2 

4 

4 

; 

7 

c 

4 
6 

O 

0 

5 
•o 

4 

4 

Cj 

33 

7,6 

V 

o 

2 

7 

c 

c 

C 

o 

i 

8 

7.6 

YP.    .. 

7 

e 

2 

2 

i 

AC 

P 

2 

7 

7 

g 

AT, 

26 

28 

2? 

3° 

37 

39 

38 

33 

36 

36 

45 

43 

418 

TABLE  VI. — COMPLETE  MIXTURE. 


R 

OR 

0 

OY 

Y 

YG 

G 

GB 

•o 

V 

VP 

P 

R. 

20 

10 

18 

7 

i 

i 

o 

o 

I 

$ 

I  A 

86 

OR  . 

20 

IQ 

IQ 

14. 

6 

i 

i 

I 

o 

6 

12 

oo 

O  

10 

10 

2O 

10 

17 

6 

2 

o 

I 

7 

I  IO 

OY  

18 

10 

2O 

2O 

14 

c 

•7 

o 

2 

7 

6 

I  I  A. 

Y..  . 

7 

14 

10 

2O 

18 

12 

7 

o 

2 

o 

08 

YG  . 

I 

fi 

I  7 

14. 

T8 

10 

I 

I 

2 

88 

G  

I 

i 

6 

e 

12 

IQ 

IS 

c 

7 

I 

o 

72 

GB  

O 

i 

2 

7 

7 

1C 

20 

ie 

IO 

2 

80 

B  

o 

i 

o 

o 

o 

I 

e 

2O 

20 

14 

64 

V  

I 

o 

I 

2 

7 

1C 

20 

IO 

81 

VP  

6 

7 

2 

I 

I 

IO 

I  J. 

IQ 

17 

86 

P  

14 

12 

7 

6 

O 

2 

O 

2 

7 

17 

72 

86 

99 

no 

114 

98 

88 

72 

80 

64 

81 

86 

72 

1050 

TABLE  VII. — SUMMARY  OF  NUMBER  OF  CASES  OF  THE    RESPECTIVE 

PHENOMENA  FOR  EACH  COLOUR. 


Complete 

Partial 

Inconstant 

Complete 

Rivalry. 

Rivalry. 

Mixture. 

Mixture. 

R.... 

42 

66 

26 

86 

220 

OR.... 

35 

58 

28 

99 

22O 

O  

28 

55 

27 

no 

22O 

OY.  .  .  . 

32 

44 

3° 

114 

22O 

Y  

23 

62 

37 

98 

22O 

YG.... 

23 

70 

39 

88 

22O 

G  

25 

85 

38 

72 

22O 

GB.... 

40 

67 

33 

80 

22O 

B  

S2 

68 

3° 

64 

22O 

V  

28 

75 

36 

81 

22O 

VP.... 

14 

75 

45 

86 

22O 

P 

10 

7  s 

4.7 

72 

22O 

o^ 

/  O 

H-O 

/  * 

372 

800 

418 

1050 

2640 
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TABLE    VIII. — NUMBER    OF    OTHER    COLOURS    WITH    WHICH    THE 

VARIOUS   PHENOMENA   OCCUR   FOR   EACH   COLOUR. 


Complete 
Rivalry. 

Partial 
Rivalry. 

Inconstant 
Mixture. 

Complete 
Mixture. 

R  

7 

8 

8 

9 

OR  

8 

8 

10 

10 

o  

7 

7 

10 

10 

OY      . 

c 

6 

0 

10 

Y  

7 

8 

10 

1  1 

YG  

8 

8 

ii 

10 

G  

8 

10 

1  1 

10 

GB  

7 

9 

9 

7 

B  

.8 

9 

Q 

7 

V  

7 

8 

0 

10 

VP  

6 

o 

1  1 

1  1 

P  

Q 

10 

ii 

o 

87 

101 

118 

114 

(2)  Stereoscopic  figures  upon  a  dark  field.  In  the  experi- 
ments thus  far  recorded,  the  objects  observed,  though  com- 
bined by  means  of  the  stereoscope,  were  simply  plane  surfaces 
differently  coloured.  The  question  naturally  presented  itself 
in  connection  with  this  method,  whether  the  results  would  be 
different  if  three-dimensional  figures  were  used  instead  of 
plane  surfaces.  There  are,  indeed,  two  questions  of  interest 
here,  (i)  whether  the  binocular  mixture  of  colours  is  facilitated 
or  impeded,  the  rivalry  of  the  vision-fields  intensified  or 
lessened,  by  the  effort  of  combining  the  outlines  into  a  three- 
dimensional  figure,  (2)  the  question  of  the  effect  which  differ- 
ences of  colour  have  upon  the  stereoscopic  combination  of 
the  figures.  In  investigating  these  points,  it  was,  of  course, 
desirable  that  the  method  followed  should  conform  as  nearly 
as  possible  to  that  of  the  former  series  of  experiments.  Ac- 
cordingly the  same  apparatus  and  the  same  colours  were  used, 
but  over  the  openings  for  observation  in  the  front  of  the  appar- 
atus small  squares  of  thin  plate  glass  were  placed,  upon  which 
the  stereoscopic  figures  were  etched.  The  glass  surrounding 
the  drawing  was  blackened  to  prevent  the  transmission  or 
reflection  of  light.  Three  pairs  of  outline  drawings  were 
used,  one  forming  a  transparent  octahedral  crystal,  another 
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on  opaque  hexagonal  crystal,  and  the  third  a  truncated  pyra- 
mid, with  the  summit  projecting  toward  the  observer.  The 
etchings  were  made  in  two  ways,  some  being  on  clear  glass 
with  frosted  lines,  others  on  frosted  glass  with  the  lines  clear. 
These  figures  are  reproduced,  as  nearly  as  possible  as  they 
were  used,  in  Figs.  3  to  5.  The  experiments  were  conducted 
in  the  same  manner  as  those  with  plane  surfaces,  the  number 
of  combinations  of  each  colour  with  each  other  colour  being 
in  this  case  sixteen.  The  results  as  regards  the  mixture  of 
colours  are  shown  in  Tables  IX  to  XIV.  Tables  XV  to  XIX 
show  the  effect  upon  the  stereoscopic  combination  of  the 
differences  in  the  colour  of  the  objects. 

TABLE   IX. — COMPLETE  RIVALRY — STEREOSCOPIC  OBJECTS. 


R 

OR 

O 

OY 

Y 

YG 

G 

GB 

B 

V 

VP 

P 

R  

o 

o 

o 

7 

4 

e 

7 

7 

o 

40 

OR  

o 

o 

o 

o 

•i 

2 

IO 

R 

o 

7,6 

o  

o 

o 

o 

o 

o 

2 

7 

6 

2 

o 

20 

OY  

o 

o 

o 

o 

o 

I 

2 

7. 

I 

o 

IO 

Y  

7 

o 

o 

o 

o 

O 

i 

I 

I 

I 

o 

7 

YG  .  .  . 

4 

7 

o 

o 

o 

o 

o 

2 

I 

I 

7 

14 

G  

2 

2 

I 

o 

o 

o 

o 

I 

7. 

7 

17 

GB  

Q 

I 

o 

o 

o 

o 

o 

I 

26 

B.  .  . 

IO 

f 

J 

I 

2 

o 

o 

o 

o 

2 

77 

V  .  .    .  . 

7 

8 

6 

I 

I 

I 

o 

o 

o 

I 

28 

YP 

•2 

2 

I 

I 

I 

o 

o 

o 

o 

T  C 

P  

o 

o 

O 

o 

o 

7. 

I 

2 

I 

o 

IO 

40 

36 

20 

IO 

7 

14 

17 

26 

33 

28 

15 

10 

256 

TABLE  X. — PARTIAL  RIVALRY — STEREOSCOPIC  OBJECTS. 


R 

OR 

0 

OY 

Y 

YG 

G 

GB 

B 

V 

VP 

P 

R.. 

o 

o 

o 

i 

IO 

ii 

7 

6 

o 

A.A 

OR  

o 

o 

•  o 

2 

- 

12 

7 

6 

7 

o 

46 

O  

o 

o 

o 

o 

6 

I  7 

1  1 

6 

61 

OY  

o 

o 

o 

o 

2 

I  2 

g 

I  2 

66 

Y  

I 

2 

o 

o 

2 

I  3 

*7  I 

YG  

IO 

7 

6 

2 

2 

T  ; 

82 

G.    . 

1  1 

I  2 

I  7 

o 

6 

81 

GB  

7 

7 

1  1 

12 

I 

i 

o 

6 

B  

e 

6 

g 

14 

TJ. 

I  1 

2 

I 

o 

2 

V  

7 

6 

8 

T  7 

1  1 

6 

o 

6 

61 

YP  

6 

I  2 

I  2 

T  - 

IO 

6 

P  

o 

O 

7 

T  7 

I  1 

12 

IA 

6 

E 

44 

46 

61 

66 

71 

82 

81 

73 

74 

61 

77 

84 

804 
& 

[197] 


34  ROBINSON  :    STEREOSCOPIC  VISION 

TABLE  XI. — INCONSTANT  MIXTURE — STEREOSCOPIC  OBJECTS 


R 

OR 

O 

OY 

Y 

YG 

G 

GB 

B 

V 

VP 

P 

R  

o 

i 

3 

5 

2 

0 

o 

2 

4 

5 

0 

22 

OR  

o 

o 

o 

2 

5 

2 

0 

0 

i 

6 

2 

18 

o  

i 

o 

o 

2 

6 

I 

2 

0 

4 

5 

7 

28 

OY  

•2 

o 

o 

O 

7 

6 

O 

O 

5 

3 

6 

3° 

Y  

C 

2 

2 

o 

i 

4 

6 

I 

2 

3 

2 

28 

YG  

2 

c 

6 

7 

I 

2 

7 

3 

3 

o 

O 

36 

G  

O 

2 

i 

6 

4 

2 

2 

7 

7 

3 

I 

35 

GB  

O 

O 

2 

o 

6 

7 

2 

3 

9 

8 

I 

38 

B  

2 

O 

O 

o 

I 

3 

7 

3 

2 

8 

4 

30 

V  

4 

I 

4 

c 

2 

3 

7 

9 

2 

4 

7 

48 

VP  

e 

6 

e 

T. 

7 

o 

3 

R 

R 

4 

5 

5° 

P    

O 

2 

7 

6 

2 

o 

i 

i 

4 

7 

c 

?S 

22 

18 

28 

3° 

28 

36 

35 

38 

3° 

48 

So 

35 

398 

TABLE  XII. — COMPLETE  MIXTURE — STEREOSCOPIC  OBJECTS. 


R 

OR 

O 

OY 

Y 

YG 

G 

GB 

B 

V 

VP 

P 

R.. 

16 

i  e 

I  7 

7 

o 

o 

o 

o 

i 

2 

16 

70 

OR  

Tfi 

16 

Tfi 

12 

I 

o 

o 

o 

o 

I 

14 

76 

O  

I  r 

16 

r6 

14 

4 

o 

o 

o 

o 

O 

2 

67 

OY  

I  3. 

16 

Tfi 

1  6 

1  3 

7 

o 

o 

o 

O 

I 

7O 

Y  

7 

12 

14. 

16 

7 

o 

I 

o 

o 

o 

I 

7O 

YG  

O 

I 

4 

7 

I  7 

14 

4 

o 

I 

o 

O 

44 

G  

o 

O 

o 

o 

7 

14 

n, 

7 

2 

o 

O 

41 

GB  

o 

o 

o 

i 

o 

4 

I  -1 

I  2 

7 

2 

o 

70 

B  

o 

o 

o 

o 

o 

o 

7 

I  2 

14 

6 

o 

70 

V  

I 

o 

o 

o 

o 

i 

2 

7 

14 

I  2 

2 

TO 

VP  

2 

I 

o 

o 

o 

o 

o 

2 

6 

I  2 

I  i 

7,4. 

P... 

16 

"LA. 

2 

I 

I 

o 

o 

o 

o 

2 

I  I 

47 

70 

76 

67 

70 

70 

44 

43 

39 

39 

39 

34 

47 

638 

TABLE  XIII. — SUMMARY — No.  OF  CASES — STEREOSCOPIC  OBJECTS. 


. 

Complete 

Partial 

Inconstant 

Complete 

Rivalry. 

Rivalry. 

Mixture. 

Mixture. 

R  .. 

40 

44 

22 

70 

176 

OR.... 

36 

46 

18 

76 

176 

O  

20 

61 

28 

67 

176 

OY    .  . 

IO 

66 

3° 

70 

176 

Y  

7 

7i 

28 

70 

176 

YG.  .  .  . 

14 

82 

36 

44 

176 

G  

i? 

81 

35 

43 

176 

GB...  . 

26 

73 

38 

39 

176 

B  

33 

74 

3° 

39 

176 

V  

28 

61 

48 

39 

176 

VP  .  .  . 

15 

77 

5° 

34 

176 

P  

10 

84 

35 

47 

176 

276 

800 

398 

638 

2112 
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TABLE    XIV. — SUMMARY — Xo.    OF    COLOURS — STEREOSCOPIC    OBJECTS. 


Complete 
Rivalry 

Partial 
Rivalry. 

Inconstant 
Mixture. 

Complete 
Mixture. 

R 

j 

7 

7 

- 

OR.... 

o 

6 

7 

7 

6 
8 

7 
6 

OY.  .  . 
Y  .. 

5 

7 

6 

IO 

" 
7 

YG.... 
G  
GB.... 
B  

6 

7 
6 

10 

10 

10 
IO 

9 

10 

8 
8 

1 

4 

Y..  . 

8 

8 

1  1 

YP.  .  .  . 
P..  . 

j 

o 

8 

IO 

6 

3 

74 

IO2 

IO2 

•6 

TABLE   XY. — OBJECT,   TRANSPARENT   CRYSTAL   ox  CLEAR  GLASS. 


Result  of  Colour 
Combination  . 

STEREOSCOF 

ic  EFFECT 

Perfect.        Impaired. 

Slight. 

Xone. 

Complete  Rivalry.  .  .  . 

o                     5 

9 

7 

Partial  Rivalry 

2  .1                            J.6 

T     ' 

. 

- 

Inconstant  Mixture.  .  . 

25                             21 

J 

0 

Complete  Mixture.  .  .  . 

IO2                                I 

0 

o 

151                   73 

28 

12 

TABLE    XYI. — OBJECT.    OPAQUE    CRYSTAL    ox    GROUND    GLASS. 


Result  of  Colour 

STEREOSCO 

PIC  EFFECT. 

Perfect. 

Impaired. 

Slight. 

Xone. 

Complete  Rivalry.  .  .  . 

i 

i 

i 

14 

Partial  Rivalry  

21 

26 

6 

-  -> 

Inconstant  Mixture.  .  . 

35 

21 

4 

3 

Complete  Mixture  .... 

79 

O 

0 

o 

136 

4S 

ii 

69 
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TABLE  XVII. — OBJECT',  PYRAMID  ON  CLEAR  GLASS. 


Result  of  Colour 
Combination. 

STEREOSCOP 

ic  EFFECT 

Perfect. 

Impaired. 

Slight. 

None. 

Complete  Rivalry.  .  .  . 

27 

2 

2 

i 

Partial  Rivalry  

70 

34 

6 

i 

Inconstant  Mixture.  .  . 

39 

2 

o 

o 

Complete   Mixture.  .  .  . 

80 

0 

0 

0 

216 

38 

8 

2 

TABLE  XVIII. — OBJECT,  PYRAMID  ON  GROUND  GLASS. 


Result  of  Colour 
Combination. 

STEREOSCOP 

ic  EFFECT. 

Perfect. 

Impaired. 

Slight. 

None. 

Complete  Rivalry.  .  .  . 

2 

i5 

18 

I7 

Partial  Rivalry  

1  1 

CQ 

18 

10 

Inconstant  Mixture.  .  . 

20 

17 

3 

o 

Complete   Mixture.  .  .  . 

74 

o 

o 

0 

107 

82 

39 

36 

TABLE  XIX.— SUMMARY  OF  XV.-XVIII. 


Result  of  Colour 

STEREOSCO 

PIC  EFFECT. 

Perfect. 

Impaired. 

Slight. 

None. 

Complete  Rivalry  .... 

3° 

23 

30 

39 

Partial  Rivalry  

1  26 

K?6 

11 

Inconstant  Mixture.  .  . 

119 

61 

12 

3 

Complete  Mixture  

335 

i 

O 

0 

610 

241 

86 

119 
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Remarks  on  the  tables  in  sections  (i)  and  (2).  The  tables 
group  the  results  in  four  divisions,  according  to  the  activity 
of  the  colours,  i.e.,  the  liveliness  and  persistency  of  the  rivalry 
of  the  vision-fields,  the  two  extremes  being  "complete  rivalry," 
where  the  impressions  in  the  respective  eyes  have  qualitatively 
no  influence  upon  each  other,  and  "complete  mixture,"  where 
there  is  an  entire  fusion  of  the  two  impressions. 

The  cases  of  complete  rivalry  for  plane  surfaces  and  stereo- 
scopic figures  respectively  are  shown  in  Tables  III  and  IX. 
These  are  the  only  cases  where  there  is  absolutely  no  mixture 
effect,  and  their  numbers  are  comparatively  quite  small. 
They  are  much  less  numerous  than  the  cases  of  complete 
mixture,  and  are  not  a  large  proportion  of  the  total.  This 
phenomenon,  as  might  be  expected,  was  most  frequent  where 
the  colours  were  nearly  complementary  (there  was  not  any 
pair  of  exact  complementaries) ,  where  also  the  cases  of  com- 
plete mixture  were  least  frequent.  The  proportion  of  cases 
of  complete  rivalry  was  on  the  whole,  slightly  greater  with 
stereoscopic  objects  than  with  surfaces. 

The  cases  classified  as  "partial  rivalry,"  and  exhibited  in 
Tables  IV  and  X  are  very  interesting.  They  show  that  even 
when  there  is  most  pronounced  strife  of  the  vision-fields, 
there  is  frequently  at  the  same  time  a  certain  mixture  effect. 
Either  one  or  each  of  the  competing  colours  is  modified  in  the 
direction  of  the  other,  (e.g.,  red  and  green  being  the  colours, 
the  red  appearing  more  orange-red  and  the  green  nearer  to 
yellow)  or  else,  especially  where  the  colours  are  nearly  com- 
plementary, one  or  both  will  appear  paler  than  when  seen 
alone,  i.e.,  of  less  saturation.  Comparison  of  these  two  tables 
shows  a  marked  difference  between  the  results  with  three- 
dimensional  objects  and  those  with  plane  surfaces.  The 
proportion  of  cases  of  partial  rivalry  is  decidedly  larger  with 
the  former  than  with  the  latter. 

Tables  V  and  XI,  "inconstant  mixture,"  represent  a  var- 
iety of  cases,  ranging  from  those  where  there  was  a  single  col- 
our, which,  when  regarded  for  a  time,  changed  slightly  toward 
one  or  the  other  of  the  competing  colours  and  back  again, 
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or  toward  each  in  turn,  to  those  in  which  there  was  a  decided 
strife  of  the  vision-fields,  but  with  a  mixed  colour  appearing 
between  the  alternation  of  the  competing  colours.  These 
phenomena,  as  will  be  seen  from  the  numbers  in  these  tables, 
are  comparatively  infrequent.  There  is  a  decided  difference 
between  the  proportion  of  cases  of  partial  mixture  with  three- 
dimensional  objects  and  that  with  plane  surfaces,  the  pro- 
portion being  greater  with  the  former. 

Tables  VI  and  XII  show  the  cases  of  complete  mixture 
of  the  colours.  These  cases  are  more  numerous  than  might 
have  been  expected,  in  fact  they  form  a  very  much  larger 
proportion  of  the  total  number  of  combinations  than  do  any 
of  the  others.  Complete  mixture  of  colours  is  not  nearly  as 
common  with  stereoscopic  objects  as  with  plane  surfaces, 
showing  that  the  effort  required  for  the  stereoscopic  combin- 
ation interferes  decidedly  with  the  complete  mixing  of  the 
colours,  though  it  has  been  shown,  on  the  other  hand,  to  pro- 
duce a  partial  mixture  effect  more  frequently  than  that  occurs 
with  plane  surfaces. 

Four  tables  of  summaries  are  added,  giving  the  totals  of 
the  preceding  tables  in  parallel  columns  for  convenience  of 
comparison.  Tables  VII  and  XIII  give  the  total  numbers 
of  cases  of  the  occurrence  of  the  respective  phenomena.  They 
show  that  the  phenomenon  which  occurred  most  frequently 
with  surfaces  was  that  of  complete  mixture,  with  stereoscopic 
objects  that  of  partial  rivalry.  With  surfaces  rivalry  of  mod- 
ified colours  was  the  next  in  order  of  frequency,  and  rivalry  of 
unmodified  colours  in  both  cases  much  the  least  frequent  of 
all.  The  proportion  of  cases  of  complete  mixture  is  larger  in 
Table  VII  than  in  Table  XIII,  but  the  cases  of  complete  ri- 
valry are  also  more  numerous  here.  These  results  have  been 
noticed  already  in  connection  with  the  preceding  tables.  These 
combined  tables,  however,  furnish  in  addition  a  basis  for  com- 
parison of  the  various  colours  with  respect  to  the  facility  or 
difficulty  with  which  they  mix  with  other  colours.  Tables 
VIII  and  XIV  summarize  the  results  from  a  slightly  different 
view.  They  show,  not  the  number  of  times  each  phenomenon 
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occurs  with  each  of  the  colours,  but  the  number  of  other  colours 
the  combination  of  which  with  each  of  the  colours  results 
in  the  production  of  the  respective  phenomena.  These  four 
tables  of  summaries  are  illustrated  graphically  hi  Curves  I  to 
IV,  in  which  the  abscissa  lines  represent  the  twelve  spectral 
intervals  and  the  ordinates  represent  respectively  the  number 
of  cases  and  the  number  of  colours.  The  results  as  to  numbers 
of  colours  and  numbers  of  cases  of  occurrence  correspond 
quite  well.  The  spectral  colours  near  the  purple  end  are,  on 
the  whole,  shown  to  be  somewhat  more  active,  i.e.,  to  mix 
less  readily,  than  those  at  the  opposite  end.  The  regions  of 
greatest  and  of  least  mixture,  however,  are  found  between 
the  middle  and  the  ends.  The  colour  which  mixes  most  fre- 
quently and  with  the  greatest  number  of  other  colours  is  the 
same  in  all  the  curves,  namely,  orange-yellow.  From  that 
point  the  curve  goes  somewhat  regularly  and  sharply  upward 
to  blue,  whence  it  abruptly  declines. 

Tables  XV  to  XIX  show  the  effect  upon  the  stereoscopic 
combination  of  the  differences  in  the  colour  of  the  impressions 
in  the  respective  eyes.  The  results  for  each  of  the  pairs  of 
drawings  used  are  given  in  a  separate  table,  and  the  combined 
results  in  Table  XIX.  From  these  tables  it  appears  that  the 
combination  is  seldom  much  impaired  where  the  colours  are 
not  too  different  to  admit  of  even  partial  mixture.  With 
rivalry  of  modified  colours  the  stereoscopic  effect  was  often 
completely  preserved,  and  even  in  a  number  of  cases  with 
rivalry  of  pure  colours.  The  cases  in  which  there  was  no 
stereoscopic  effect  were  comparatively  few.  (They  occurred 
for  the  most  part  only  where  the  competing  colours  succeeded 
each  other  very  rapidly).  They  occurred  also  mainly,  as  the 
tables  show,  with  the  etchings  upon  ground  glass,  where  also 
the  complete  mixture  of  colours  was  less  common.  This  is 
no  doubt  to  be  explained  by  the  fact  that  in  these  cases  the 
colour  contrast  was  stronger  upon  the  lines  than  upon  the 
surfaces. 

A  fact  worthy  of  note  is  that  with  all  the  observers  there 
appeared  occasionally  a  lustre  similar  to  that  produced  by 
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the  combining  of  black  and  white  objects  or  surfaces.  With 
this  there  appeared  also  usually  a  "transparence"  effect,  one 
colour  being  reported  as  "seen  through"  the  other.  Careful 
examination  of  these  cases  showed  them  to  be  due  to  slight 
differences  of  brightness  between  the  two  colours.  Re-ad- 
justment of  the  lights  always  caused  the  lustre  or  transparence 
to  disappear.  These  cases,  however,  suggest  an  interesting 
question  regarding  the  problem  of  binocular  lustre,  as  they 
seem  to  indicate  that  that  phenomenon  may  be  produced 
with  much  smaller  differences  of  intensity  between  the  two 
retinal  impressions,  where  there  is  also  a  marked  difference 
of  quality. 

(3)  Mixture  of  coloured  and  uncoloured  impressions.  The 
apparatus  and  method  employed  in  this  series  of  experiments 
were  the  same  as  in  the  two  preceding,  and  the  objects  were 
the  same  as  in  the  last  series,  except  that  while  one  of  the  col- 
ours before  described  was  behind  the  drawing  presented  to 
one  eye,  behind  that  presented  to  the  other  was  one  of  a  series 
of  greys.  Only  one  pair  of  the  drawings  described  in  section 
(2)  were  used,  namely,  those  etched  upon  clear  glass,  and 
forming  a  transparent  octahedral  crystal  (Fig.  3).  Six  greys 
of  the  Prang  series  were  used,  selected  so  as  to  be  about  equally 
graduated  in  brightness.  In  experimenting,  the  colour  in 
use  was  made  of  equal  intensity  with  the  grey  by  adjusting 
the  position  of  the  lamps,  in  the  same  manner  as  before  de- 
scribed for  equalizing  the  intensity  of  the  two  colours  in  the 
experiments  where  different  colours  were  presented  to  the 
respective  eyes.  The  light  illuminating  the  grey  was  passed 
through  a  gelatine  which  excluded  any  trace  of  yellow,  leaving 
the  light  as  nearly  as  possible  absolutely  colourless.  Each 
of  the  six  greys  was  combined  with  each  of  the  twelve  colours, 
the  greys  being  kept  on  one  side.  Then  the  grey  and  the 
colour  were  interchanged,  bringing  the  grey  before  the  other 
eye,  and  the  series  repeated.  Such  a  double  series  was  made 
by  one  observer  only,  and  by  another  a  single  series.  There 
were  thus  in  all  three  combinations  of  each  of  the  six  greys 
with  each  of  the  twelve  colours.  The  total  number  of  experi- 
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ments  was  therefore  not  nearly  so  great  as  in  the  investigation 
regarding  the  mixture  of  coloured  and  uncoloured  impressions. 
The  results,  however,  are  of  decided  interest.  They  are  in 
some  respects  more  regular  than  with  combinations  of  two 
colours,  and  exhibit  other  marked  differences  from  the  former 
results.  The  results  of  one  series  are  given  in  full  in  Tables 
XX  to  XXV.  The  results  of  all  three  series  are  summarized 
in  Tables  XXVI  to  XXVIII.  They  are  also  graphically 
represented  in  Curves  V  to  VII.  Curve  V  combines  the  results 
in  Tables  XXVI  and  XXVII— the  results  for  one  observer. 
Curve  VI  represents  the  results  for  the  other  observer,  and 
Curve  VII  gives  the  combined  results  of  the  two  observers. 


TABLE  XX. — OBSERVER  P.  T.    GREY  Xo.  i  IN  LEFT  EYE. 


COLOUR  IN  RIGHT  EYE. 


EFFECT  OF  COMBINATION. 


Red. 


Orange-Red. 


Orange 

Orange- Yellow. . 
Yellow.  . 


Yellow-Green. 
Green.  . 


Green-Blue. . 
Blue.. 


Violet. 


Violet-Purple. 
Purple 


Rivalry  at  first  of  light  grey  and  brilliant  red, 

then  of  grey  and  dull  orange,  finally    mixing 

to  orange  of  low  saturation,  but  high  intensity. 
Slight    rivalry,    subsiding    almost    immediately 

into  light  brown  mixture. 
Less  rivalry.     Unsteady  brown  mixture. 
Same  effect  as  with  orange,  only  lighter  brown. 
Mixture,    saturation    growing    less    till    yellow 

becomes  very  faint. 

Rivalry  at  first,  then  yellowish  mixture. 
Mixture,  green  gradually  fading.     Final  effect 

good  pea-green. 

No  rivalry.     Grey-green,  fading  to  greenish  grey. 
At  first  rivalry  of  blue  and  grey,  then  mixture, 

with  blue  predominating  at  centre  and  grey 

at  periphery. 
Rivalry  of    bluish  grey  and  pale  violet  in  outer 

portions  ;  in  centre,  mixture,  greyish  violet. 
Strong  rivalry  of  greyish  yellow  and  purple. 
At  first  rivalry  between  light  grey  and  purple 

of  less  saturation  than  when  seen  alone,  finally 

settling  into  a  faint  yellow,  with  at  times  a 

suggestion  of  pink. 
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TABLE  XXI. — OBSERVER,  P.T.     GREY  No.  2  IN  LEFT  EYE. 


COLOUR  IN  RIGHT  EYE. 


EFFECT  OF  COMBINATION. 


Red 


Orange-Red. 


Orange 

Orange- Yellow. 


Yellow 

Yellow-Green. . 

Green 

Green-Blue 


Blue 

Violet 

Violet-Purple 
Purple 


Strong  rivalry  at  first  between  red  and  grey,  then 

less    pronounced    rivalry    between    red    and 

orange-red. 
Slight  rivalry  of  grey  and  orange,  then  mixture, 

orange  with  decided  red  spots.     Finally  settles 

into  a  brown. 
Light  brown.     No  rivalry. 
No  rivalry.     A  light  grey,  with  beautiful  orange 

tinge  in  parts. 

Pale,    slightly  inconstant   yellow. 
Complete  mixture,  very  slightly  greenish  grey. 
Complete  mixture,  light  pea-green. 
Rivalry  of  grey  and  blue,  settling  down  to  a 

light  grey  with  a  tinge  of  blue. 
Dark  grey,   with  slight   suggestion  of  blue   at 

times. 
Rivalry  of  violet  and  yellowish  grey.   Always 

some  violet  in  places. 
Rivalry  of  yellowish  grey  and  purple.     After  a 

time  grey  lasts  the  longer. 
Rivalry  at  first  of  light  brown  and  purple,  settling 

into  an  unsteady  purplish  brown. 


TABLE  XXII. — OBSERVER,  P.  T  .     GREY  No.  3  IN  LEFT  EYE. 


COLOUR  IN  RIGHT  EYE. 


EFFECT  OF  COMBINATION. 


Red 


Orange-Red 


Orange  

Orange- Yellow 

Yellow 

Yellow-Green  . . 

Green 

Green  blue 

Blue 

Violet.  . 


Violet-Purple 


Purple 


No  rivalry.     A  light  grey  with  slight  pinkish 

tinge. 
No  rivalry.     Surface  bright,  with  faint  tinge  of 

pink. 

A  faint  pink,  increasing  in  saturation.  No  rivalry ; 
A  pinkish  white.     No  rivalry. 
No  rivalry.     Mixture  appears  like  a  dirty  white. 
Complete  mixture,  light  green. 
A  very  light  grey,  with  a  suggestion  of  green. 
No  rivalry.     An  agreeable  light  blue. 
Light  grey,  with  suggestion  of  blue. 
Rivalry  of  violet  and  yellowish  grey,  the  grey 

predominating. 
Slight  rivalry  at  first.     Soon  becomes  a  light 

grey,  with  suggestion  of    yellow.     A  portion 

of  surface  is  covered  with  faint  purple.  Around 

periphery  is  dark  blue. 
Over    a   light    brownish    surface    a    slight    and 

indefinite  purple  moves.     Around  periphery 

there  is  a  bluish  tinge. 
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TABLE  XXIII.— OBSERVER  P.  T.     GREY  No.  4  ix  LEFT  EYE. 


COLOUR  IN  RIGHT  EYE.' 


EFFECT  OF  COMBINATION. 


Red. 


Orange-Red. .  .  . 

Orange 

Orange- Yellow. . 

Yellow 

Yellow-Green. . . 

Green 

Green-Blue 

Blue 

Violet 

Violet- Purple. . . 


Purple.... 


Rivalry   of    white    with     red    which    gradually 

becomes  of  less  saturation. 
Faint  orange.     No  rivalry. 
Rivalry  of  white  and  pale  red. 
Complete  mixture,  pinkish  white. 
Mixture,    very    light    bvwn. 
Perfect  mixture,  light  green. 
Perfect   mixture,   pale   pea-green. 
Complete  mixture,   very  light   blue 
Rivalry  of  white  and  very  pale  blue. 
Continuous  rivalry. 
Rivalry.     Grey    appears    white.     Colour   never 

covers  whole  surface,  but  is  stronger  around 

edges. 
Continuous  rivalry.     The  grey  appears  white. 


TABLE  XXIV. — OBSERVER,  P.T.     GREY  No.  5  IN  LEFT  EYE. 


COLOUR  IN  RIGHT  EYE. 


EFFECT  OF  COMBINATION. 


Red 

Orange-Red. 


Orange 

Orange- Yellow. . 

Yellow 

Yellow-Green. . . 

Green 

Green-Blue. . . 


Blue 

Violet 

Violet-Purple. 
Purple 


Strong  rivalry  of  red  with  white. 
Rivalry  of  white  and  dark  brown,  brown  becom- 
ing fainter  at  each  re-appearance. 
No  rivalry.     Effect  is  yellowish  grey. 
A  distinct  yellow.     No  rivalry. 
No    rivalry.     Very    faint    yellow. 
Light    green.     No    rivalry. 
No  rivalry.     Effect  is  pea-green. 
Mixture,    varying   from   pale   to    very   decided 

green.     Centre  is  more  green  than  periphery. 
Inconstant  mixture,  varying  from  bluish-white  to 

light  blue. 
Strong  rivalry  of  white  and  violet  ;  violet  never 

covers  whole  surface. 
Rivalry  ;    grey  seems  white.     Purple  is  dark, 

but  only  comes  over  half  the  surface. 
Rivalry  ;    first   white,   then  purple,   which   on 

disappearing  leaves   a  yellowish  tinge,  then 

purple  comes  again,  but  disappears  quickly. 
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TABLE  XXV. — OBSERVER,  P.T.     GREY  No.  6  IN  LEFT  EYE. 


COLOUR  IN  RIGHT  EYE. 


EFFECT  OF  COMBINATION. 


Red 

Orange-Red. 

Orange 


Orange- Yellow. . 

Yellow. . 


Yellow-Green. . 

Green 

Green-Blue. . . . 


Blue 

Violet 

Violet-Purple. 
Purple 


Rivalry  of  red  and  white. 

Rivalry  of  white  and  brownish  red,  the  white 

predominating. 

Rivalry,  changes  not  very  rapid.     The  appear- 
ance is  alternately  white  and  dark  brownish. 
Rivalry  of  white  and  a  brownish  hue. 
Rivalry  of   light   grey    and   very   light   brown, 

brown  growing  weaker. 
Indefinite  greyish   effect,   which  passes  into   a 

white.     No  rivalry. 

No  rivalry.     A  uniform  pale  pea-green. 
First   white,    then   green,   which   remains,    but 

grows  less  saturated. 
Rivalry  of  white  and  blue,  which  settles  into  a 

white,  with  a  strong  tinge  of  blue. 
Rivalry    of    white    and    violet.     Some    colour 

always   remains   around   edges. 
Strife  between  white  and  purple,  white  greatly 

predominating. 
Rivalry  ;    grey   at   first   appears   white,   later 

yellow.     Purple  appears  first  as  a  faint  red, 

later  as  a  decided  purple. 
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Results  :  i.  The  character  of  the  rivalry  of  the  vision- 
fields  differed  in  some  important  respects  from  that  which 
occurred  with  two  colours,  (a)  There  were  no  cases  of  "com- 
plete rivalry,"  i.e.,  of  rivalry  of  sensations  of  quite  the  same 
character  as  those  in  monocular  vision.  Either  the  grey  was 
brighter  or  had  some  tinge  of  colour,  or  the  colour  was  of  less 
saturation  or  changed  in  tone,  or  several  or  all  of  these  modi- 
fications occurred  together,  (b)  Orange-red,  orange,  and 
orange-yellow  very  frequently,  and  even  yellow  and  purple 
in  some  cases,  became  brown  or  brownish.  This  never  oc- 
curred with  red,  which  when  modified  appeared  less  bright, 
or  of  lower  saturation  (i.e.,  pinkish)  or  changed  to  orange-red 
or  orange.  It  was  noticeable  that  the  brown  effect  came  not 
less  frequently  with  the  brighter  than  with  the  darker  greys. 
(c)  The  rivalry,  even  when  very  pronounced  at  first,  very 
frequently  subsided  more  or  less  quickly  into  an  inconstant, 
or  even  a  perfect  mixture,  (d)  The  phenomena  are  accord- 
ingly classified  in  the  tables  in  this  section  upon  a  different 
basis  from  that  adopted  in  the  two  preceding  sections.  In- 
stead of  the  completeness  of  the  rivalry,  i.e.,  the  absence  of 
any  modification  of  the  competing  colours,  the  criterion  is 
its  permanence,  or  the  rapidity  with  which  it  subsides.  The 
term  "inconstant  mixture"  has  also  a  slightly  different  sig- 
nificance from  that  attached  to  it  in  the  former  tables.  There 
it  was  extended  to  include  the  cases  where  there  was  rivalry, 
sometimes  even  quite  pronounced,  but  with  a  mixed  colour 
appearing  between  the  alternating  colours.  In  the  present 
tables  it  is  used  only  for  cases  where  there  was  no  rivalry, 
beyond  an  unsteadiness  of  the  mixed  colour. 

2.  Complete  mixture  of  the  impressions  was  less  common 
than  with  two  colours.     This  was,  of  course,  to  be  expected, 
as  in  many  cases  the  two  colours  were  much  more  alike  than 
a  coloured  and  an  uncoloured  impression. 

3.  Comparison  of  the  various  colours  as  to  the  facility 
with  which  they  mix  binocularly  with  uncoloured  light  shows 
that  their  relative  quiescence  is  not  quite  the  same  when  they 
are  combined  with  uncoloured  light  as  when  they  are  combined 
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with  one  another.  The  regions  of  most  strenuous  rivalry, 
as  will  be  seen  by  a  glance  at  Curves  V  to  VII,  are  at  the  very 
ends  of  the  spectrum,  and  the  region  where  most  mixture 
occurs  is  about  at  the  middle,  the  gradation  between  these 
extremes  being  on  the  whole  quite  regular.  The  colour  with 
which  most  mixture  occurred  is  in  each  of  the  curves  shown 
to  be  yellow-green.  Here  the  rivalry  of  the  fields  was  scarcely 
ever  very  pronounced,  and  usually  did  not  occur  at  all.  With 
violet,  violet-purple,  and  purple,  which  appear  at  or  near  the 
maximum,  the  rivalry  was  not,  perhaps,  so  much  more  marked 
than  with  some  other  colours,  but  it  was  more  persistent. 
The  impression  did  not  settle  into  any  one  colour  so  frequently 
as  with  other  combinations. 

4.  The  greys  which   mixed  best  were  those  of  medium 
brightness.     This  was  the  case  in  spite  of  the  fact  that  the 
intensities  of  the  grey  and  the  colour  used  in  each  experiment 
were  always  carefully  equalized  by  the  adjustment  of  the  lamps. 

5.  The  colours  mostly  tended  to  become  fainter  when  re- 
garded for  a  time.     In  some  cases,  however,  they  persisted, 
and  in  a  few  instances  they  even  became  more  pronounced 
after  a  time  than  at  first. 

6.  In  a  number  of  cases  with  violet,  violet-purple  and 
purple  the  competing  grey  had  a  yellow  tinge.     This  occurred 
both  with  the  deeper  and  the  lighter  greys.     As,  according 
to  the  results  of  Miss  Baker,1    who  used  the  same  colours, 
violet  and  yellow-green  are  about  complementary,  these  are 
probably  to  be  regarded  as  cases  of  binocular  contrast. 

7.  The   stereoscopic   effect   was   found  to   be   practically 
completely  preserved  in  almost  every  case.     The  exceptions 
occurred  near  the  beginning  of  the  experiments  when  the  eyes 
of  the  observer,  being  unused  to  the  conditions,  were  probably 
more  easily  fatigued.     When  these  experiments  were  repeated 
later  it  was  found  that  in  every  case  the  stereoscopic  effect 
was  complete. 

(4)  Mixture  of  colours  covering  the  entire  vision-field.     The 
experiments  so  far  reported  were  all  made  with  surfaces  or 

1  University  of  Toronto  Studies,  Psychological  Series,  Vol.  ii,  No.i,p.i6. 
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objects  covering  only  a  portion  of  the  vision-field,  the  remain- 
der being  darkened.  The  following  experiments  were  differ- 
ently arranged,  the  colours  covering  the  whole  of  the  field 
of  vision,  so  that  not  only  were  the  colours  more  extended 
spacially,  but  also  the  possibility  of  comparison  was  lessened. 
The  apparatus  consisted  simply  of  a  large  pair  of  goggles 
similar  to  those  worn  by  automobilists,  but  with  removable 
glasses.  The  frames  of  the  goggles  were  fitted  with  grooves, 
closed  at  the  bottom,  but  left  open  at  the  top,  into  which 
square  glass  slides  could  be  easily  inserted.  The  goggles  were 
fitted  closely  to  the  face  by  means  of  some  light  fur  attached 
to  the  back  of  the  frames,  so  that  they  could  be  adjusted  with 
comfort  to  the  observer,  and  yet  exclude  all  light.  They  were 
held  snugly  in  place  by  an  elastic  band  which  went  round  the 
head.  Two  sets  of  coloured  glass  slides  were  used.  One  was 
of  mineral-dyed  glasses,  five  in  number,  the  colours  being  red, 
yellow,  green,  blue  and  violet.  The  other  set  was  composed 
of  coloured  gelatine  combinations  placed  between  thin  sheets 
of  plain  glass.  These  were  twelve  in  number,  and  divided 
the  entire  spectrum  into  approximately  equal  sections.  Slides 
of  uncoloured  plate  glass  were  also  used.  The  spectroscopical 
analysis  of  the  colours  used  is  as  follows  : 

SPECTROSCOPICAL  ANALYSIS  OF  THE  COLOURS  USED. 
I. — GELATINE  COLOURS. 


Colour. 

Undiminished  in 
Intensity. 

Somewhat 
Weaker. 

Very  Weak. 

Red  (i)  

720  —  c.8o 

coo  —  410 

Orange  (2)  

720  —  c.8o 

c6o  —  <c  ?o 

(-580—560-! 

Orange-  Yellow  (3).. 
Yellow  (4)  

720  —  520 

7  2O  COO 

520  —  510 
cio  —  480 

1470—440  J 
480  —  4C  C 

Yellow-Green  (5)..- 
Green  (6)  

580—490 

c8o  —  46  c 

1650—580! 

I  490  —  440  J 
r  7  3o—  680) 

J  610  —  c8o  > 

f730—68o1 

Green-Blue  (7)  
Blue-Green  (8)  
Blue  (o)... 

570—440 
540  —  440 

c  ?o  42  C 

(465—450) 

(  440  425  \ 

1590—57°  I 

J  570—540  \ 

I  440  —  430  ) 

c6o  —  c  30 

1  450—435  / 
730  —  680 

730  —  690 
(425  —  410) 

Violet  (10)  

470  —  V.end  \ 

coo  —  470 

1.720  —  665  / 

Violet-Purple  (n).. 
Purple  (12)  

720  —  650       / 
510  —  V.end  \ 
710  —  620       I 

72O  COO 

f  620  —  590  1 

I  53°—  510  / 
4g0  —  v.  end 

coo  —  480 
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II. — MINERAL  COLOURS. 


Colour. 

Undiminished  in 
Intensity. 

Somewhat 
Weaker. 

Very  Weak. 

Red  

...[         720—610 

610—  ;oo 

Yellow  

c;o  —  400 

490  —  460 

Green  

600  —  ^oo 

f  630  —  600  \ 

460  —  440 

Blue  

\  500  —  460  / 
f  640  —  600  1 

f  720  —  640! 

Violet  

\  490  —  end  1 

1  55°  —  49°  / 
f  720—530      \  , 

(.660  —  570) 

!  ?O  4^O 

l  450  —  "^  end  ) 

In  experimenting,  the  goggles,  without  any  glasses  in, 
were  first  adjusted  over  the  observer's  eyes.  He  then  closed 
his  eyes,  and  a  pair  of  differently  coloured  glasses  were  slipped 
into  place  by  the  experimenter.  The  observer  was  then  told 
to  open  his  eyes,  being  careful  to  open  both  at  once,  and  not 
at  any  time  to  close  one  eye  alone.  Observations  were  then 
made  regarding  the  colour  of  objects  both  within  and  without 
the  room.  In  observing  objects  outside,  care  had  to  be  ex- 
ercised to  seat  the  observer  before  the  window  so  that  there 
should  be  no  interference  from  the  bars  of  the  window  sash. 
If  the  vertical  centre  bar  of  the  sash  came  in  the  middle  of 
the  field  it  was  found  that  the  colours  on  the  two  sides  were 
more  readily  distinguished.  The  observer  was  seated  at  the 
window  at  the  beginning  of  the  experiments,  and  looking  out 
reported  the  appearance  of  everything  in  the  vision-field 
generally,  i.e.,  whether  darker  or  brighter  than  ordinary,  or 
whether  there  was  any  definite  prevailing  colour  tone.  He 
then  reported  the  appearance  of  prominent  objects  hi  the  land- 
scape, such  as  the  sky,  trees,  a  bright  yellow  house  with  dark 
green  shutters,  a  red  brick  outhouse,  snow  and  grass,  grey 
brick  and  stonework  of  the  University  buildings,  a  slate  roof 
just  outside  the  window.  After  this  some  observation  was 
made  of  objects  within  the  room.  Then  the  observer  was 
handed  two  large  cards,  one  black  and  one  white,  on  each  of 
which  were  arranged  in  a  circle  twenty  small  discs  of  coloured 
paper,  mostly  of  the  Milton-Bradley  series,  of  approximately 
equal  spectral  differences,  and  he  was  asked  to  give  his  judg- 
ment of  several  of  the  colours.  Then  he  was  asked  to  raise 
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his  eyes  and  tell,  as  nearly  as  he  was  able,  what  colours  were 
before  his  eyes.  Finally  the  observer  closed  his  eyes,  the 
goggles  were  removed  and  he  was  then  directed  to  open  his 
eyes, to  look  with  crossed  eyes,  and  to  report  what  after-effect, if 
any,  he  saw.  Two  complete  series  of  experiments  were  made 
with  the  gelatine  colours,  each  for  a  different  observer.  In 
each  series  one  constant  colour  was  employed,  with  which 
each  of  the  others  was  in  turn  combined.  The  series,  however, 
was  not  carried  on  uninterruptedly,  but  other  combinations 
were  interspersed,  so  that  the  observer  was  not  only  ignorant 
of  the  actual  colours  of  the  glasses  at  any  time  before  his  eyes, 
but  was  not  even  aware  of  any  constant  colour  being  used. 
A  series  was  also  made  with  combinations  of  mineral-dyed 
and  plain  glasses,  which  was  not,  however,  arranged  in  any 
definite  order.  The  results  of  the  three  series  are  given  fully 
in  Tables  XXIX  to  XXXI. 

Three  other  observers  also  made  series  of  experiments, 
using  the  six  mineral-dyed  glasses  only.  The  results  of  these 
are  not  given  in  extenso,  as  their  general  character  is  similar 
to  the  results  obtained  by  the  former  observers.  None  of 
the  results  lend  themselves  very  readily  to  tabulation  in  more 
condensed  form,  owing  to  the  irregularity  of  the  effects  of 
the  combinations  of  colours  upon  the  colour  of  objects  in  the 
vision-field.  The  appended  summary  of  results,  however, 
is  based  upon  the  reports  of  the  five  observers. 

TABLE  XXIX. — BLUE-GREEN  (No.  8)  BEFORE  RIGHT  EYE. 


Colour 
Before 
Left  Eye. 

Subject  of 
Report. 

RESULTS. 

Red 
(No.  i) 

Colour  of 
Surrounding 
Objects. 

Everything  looked  red  and  brighter  than  nor- 
mally. Red  brick  wall  appeared  brighter  red. 
The  hands  had  a  suggestion  of  yellow  over  them 
There  was  no  rivalry  of  the  vision  fields. 

Colours  on 
Card. 

No  good  green  seen  at  all.  No.  1  5  (a  dark  blue)  is 
the  only  good  blue. 

Colour  of 
Glasses. 

Cannot   tell   what   colours. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  red,  from  left  greenish. 
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TABLE  XXIX— (CONTINUED). 


Colour         c   ,  -           , 
Before         Subjectof 

Left  Eye.        ReP°rt' 

RESULTS. 

Orange 
(Xo.  2) 

Colour  of 
Surrounding 
Objects. 

Everything  appeared  a  little  darker. 

Colours  on 
Card. 

Xo  good  green  or  blue.     Xos.  2  and  3  (dark  and 
light  red)  had  lustre. 

Colour  of 
Glasses. 

Yellow  on  right  side  and  blue  on  left. 

After-Effect 
With  Crossed  , 
Eyes. 

From  right  eye  bluish,  from  left  eye  no  colour. 

Orange- 
Yellow 
(No   3) 

Colour  of 
Surrounding 
Objects. 

(This  experiment  was  performed  on  a  dark  day.) 
Everything    much     darker.     Yellow    painted 
house  had  lost  its  yellow  colour.     Slight  rivalry 
between  yellow-green  and  violet.     Snow  had 
a  yellow-green  tinge.     Trees  and  stone  sills  of 
buildings  were  tinged  with  violet,  dingy  white 
brick  appeared  purplish. 

Colours  on 
Card. 

No  good  blue.     Nos.  i,  2,  3,  4  and  5  had  lustre. 
1  8    and    19    (violet    and    violet-purple)     were 
brown  with  slight  suggestion  of  violet. 

Colour  of 
Glasses. 

Could  not  tell  at  end  of  experiment,  but  from 
memory  of  first  impressions  judged  violet  on 
left  and  yellow-green  on  right. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  blue,  from  left  no  colour. 

Yellow 
(No.  4) 

Colour  of 
Surrounding 
Objects. 

Red  brick  building  looked  redder  than  it  was 
remembered.     Sky     was    blue-green.     Yellow 
house    was    a    mixture    of    yellow    and    pink. 
Hands  and  face  of  experimenter  looked  ghastly, 
with   violet  tinge  around  edges.     Everything 
a  little  darker. 

Colours  on 
Card. 

Xo  red.     Red  and  orange  discs  appeared  choco- 
late.    6    and    7     (orange-yellow    and    yellow- 
orange)  were  good  browns.    17,18  and  1  9  (blue- 
violet,    violet,    and    violet-purple)    were    dark 
grey  with  a  tinge  of  violet. 

Colour  of 
Glasses. 

Blue  on  right,  green  on  left. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  blue,  from  left  no  colour. 
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TABLE  XXIX— (CONTINUED). 


Colour 
Before 
Left  Eye. 

Subject  of 
Report. 

RESULTS. 

Yellow- 
Green 
(No.  5) 

Colour  of 
Surrounding 
Objects. 

Everything  a  little   darker.     Yellow  house  ap- 
B;ared  dirty  yellow  with  a  little  green.     Sky 
uish-green.     Face  pallid,  lips  almost  colour- 
less.    Not   the  least   rivalry. 

Colours  on 
Card. 

No  red.  Red  and  orange  appeared  dark  brown 
or  chocolate.  No.  14  (blue-green)  appeared 
bluish-grey. 

Colour  of 
Glasses. 

Bluish  on  right,  green  on  left. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  purplish,  from  left  eye  brownish. 

Green 
(No.  6) 

Colour  of 
Surrounding 
Objects. 

(No  sun  shining).  Everything  dark.  Snow 
greenish.  Yellow  house  appeared  dirty  yellow 
with  a  little  green.  Sky  bluish-green.  Face 
pallid,  lips  almost  colourless.  Not  the  least 
rivalry. 

Colours  on 
Card. 

No  red.     Reds  were  brown  or  chocolate. 

Colour  of 
Glasses. 

Could  not  tell  at  all.. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  purple,  from  left  no  colour. 

Green- 
Blue 
(No.  7) 

Colour  of 
Surrounding 
Ojects. 

Everything  darker.  Red  brick  wall  greyish. 
Snow  darker  than  usual.  Sky  had  leaden 
appearance.  Hand  looked  darker  than  usual 
with  greenish  lustre  around  edge. 

Colours  on 
Card. 

No  red.  Reds  were  dark  brown.  No.  13  (very 
greenish-blue)  almost  colourless. 

Colour  of 
Glasses. 

Blue,  but  could  not  distinguish  sides. 

Blue 
(No.  9) 

Colour  of 
Surrounding 
Objects. 

Yellow  house  looked  pink.  White  and  red  brick 
both  appeared  red.  Snow  and  sky  looked 
blue.  Face  pallid,  and  no  colour  in  lips  at  all. 

Colours  on 
Card. 

Nos.  2-5  dark  reddish-brown.  No  yellow  on 
card.  6  and  7  (orange-yellow  and  yellow- 
orange)  were  dark  brown.  No.  9  (green- 
yellow)  was  pink.  8  and  10  (yellow  and  yel- 
low-green) were  dark  brown,  n  and  12 
(green)  were  dark  grey. 

Colour  of 
Glasses. 

Blue  on  right.     Could  not  tell  what  colour  on  left. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  green,  from  left  no  colour. 
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TABLE  XXIX — (CONTINUED). 


Colour 
Before 
Left  Eye. 

Subject  of 
Report. 

RESULTS. 

Violet 
(No.  10) 

Colour  of 
Surrounding 
Objects. 

Everything  very  dark.     Red  brick  wall  fiery  red. 
Sky  dark  blue.     Yellow  wall  had  pinkish  tinge. 
Hands  were  purplish. 

Colours  on 
Card. 

1  6,    7    and   8    (orange-yellow  and   yellow)    varied 
between  red  and  yellow.     2,  3  and  5  (red  and 
orange)  were  very  brilliant  reds.     4   (orange- 
red)  was  a  beautiful  pink. 

Colour  of 
Glasses. 

Blue  on  left,  on  right  could  not  tell. 

After-Effect 

With  Crossed  :  From  right  eve  greenish,  from  left  eve  red. 
Eyes. 

Violet- 
Purple 
(No.  n) 

Colour  of 
Surrounding 
Objects. 

Everything    had    purple    tinge,    and    was    much 
darker.     Snow  was  bluish,  hands  reddish. 

Colours  on 
Card. 

No  good  red,  yellow  or  blue. 

Colour  of 
Glasses. 

Left,    blue  or  violet  ;    right,  could  not  tell. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  faint  red,  from  left  eye  green. 

Purple 
(No.  12)  i 

Colour  of 
Surrounding 
Objects. 

Shadows  from  trees  and  buildings  were  purple- 
violet.     Everything    darker.     Sky    pink    and 
blue.     Yellow    house     appeared     as     without 
glasses.     Red  brick  wall  had  some  yellow  in  it. 

Colours  on 
Card. 

Green  entirely  absent.     Nos.  2  and  4  had  slight 
lustre.     No.  9  (green-yellow)  appeared  white. 
No.   13  (green-blue)  appeared  grey  with  a  sug- 
gestion of  blue. 

Colour  of 
Glasses. 

Blue  on  right,  purple  on  left. 

After-Effect 
With  Crossed 
Eves. 

From  right  eye  green,  from  left  eye  brown. 
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TABLE  XXX. — YELLOW-GREEN  (No.  5)  BEFORE  LEFT  EYE. 


Colour 
Before 
Right  Eye 

Subject 
of  Report. 

RESULTS. 

Red 
(No.  i) 

Colour  of 
Surrounding 
Objects. 

Whole  vision  field  darker.  Slight  rivalry  of  green 
and  pink,  but  green  soon  entirely  disappeared. 
Dark  yellow  or  brown  leaves  appeared  bright 
yellow.  Yellow  house  brighter.  Green  lines 
of  note-book  were  purple.  Sky  had  a  purplish 
tinge,  and  darker  than  usual. 

Colours  on 
Card. 

Yellows  less  saturated.  Most  of  the  colours 
purplish. 

Colour  of 
Glasses. 

On  right,  purple,  on  left,  could  not  tell,  but 
thought  yellow. 

After  Effect 
With  Crossed 
Eyes. 

From  right  eye  faint  red,  from  left,  green. 

Orange 
(No.  2) 

Colour  of 
Surrounding 
Objects. 

Everything  darker.  Some  rivalry  at  first.  Later, 
colours  blended,  and  appeared  something 
between  red  and  purple.  Yellow  house  was 
lighter  yellow. 

Colours  on 
Card. 

1  8,  19,  and  20  (violet,  violet-purple  and  purple) 
had  nearly  lost  their  violet  or  purple  tone,  and 
were  of  a  dingy  hue.  No.  6  (orange-yellow) 
was  between  brown  and  dark  yellow. 

Colour  of 
Glasses. 

On  right  violet,  on  left  could  not  say. 

After-Effect 
With  Crossed 
Eyes. 

From  right  eye  violet,  from  left  no  colour. 

Orange 
Yellow 
(No.  3) 

Colour  of 
Surrounding 
Objects. 

(Sun  shining  brightly).  Everything  has  a  yellow 
tint.  Slight  rivalry  at  first,  but  soon  ceased. 
Green  fir-tree  dark  green,  but  more  yellow- 
green  where  sun  shines  on  it.  Red  brick  wall 
appeared  dull  reddish-brown. 

Colours  on 
Card. 

Greens  nearer  yellow.     Blues  more  purplish. 

Colour  of 
Glasses. 

Slight  yellow  tinge.  Could  not  distinguish 
between  the  two  sides. 

After-Effect. 

None  from  either  eye. 

Yellow 
(No.  4) 

Colour  of 
Surrounding 
Objects. 

Everything  had  bright  yellow  tint.  Yellow 
house  as  usual.  No  rivalry. 

Colours  on 
Card. 

Greens  more  bluish.  Nos.  2  and  3  had  slight 
lustre. 

Colour  of 
Glasses. 

Both  eyes  had  yellow  glasses. 
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TABLE  XXX— (CONTINUED) 


Colour 
Before    , 
Right  Eye 

Subject  of 
Report. 

RESULTS, 

Colour  of 
Surrounding 
Objects. 

Sky  dark  blue.     Hand  pallid. 

Green 
(Xo.  6) 

Colours  on 
Cards. 

Red  and  orange  appeared  brownish.  Two  cards, 
one  black,  the  other  white,  with  the  same  colours 
on,  being  shown,  the  colours  were  observed  to 
show  up  better  on  the  dark  card. 

Colour  of 
Glasses. 

On  the  right  side  light  blue,  on  left,  yellow. 

After-Effect 

From  right  side  a  slight  pink,  from  left  side  yellow. 

Colour  of 
Surrounding 
Objects. 

(Experiment  performed  in  bright  sunshine.) 
Everything  tinged  with  yellow-green,  and 
seems  dull.  Yellow  house  appears  as  usual. 
Cannot  distinguish  red  bricks  of  the  barn  as  red. 

Green- 
Blue 
(No.  7) 

Colours  on 
Card. 

Discrimination  much  the  same  as  without  glasses. 

Colour  of 
Glasses. 

Could  not  say  decidedly,  but  had  a  vague  impres- 
sion of  green. 

After-Effect. 

Xo  after-effect. 

Colour  of 
Surrounding 
Objects. 

Everything  much  darker,  and  had  a  slight  yellow 
tinge.  Yellow  house  was  quite  yellow.  Snow 
where  sun  shining  on  it  was  bluish. 

Blue 
Green 

Colours  on 
Card. 

Reds  appeared  dark  brown,  so  dark  as  to  be  almost 
without  colour. 

(No.  8) 

Colour  of 
Glasses. 

Blue  on  right,  yellow  on  left. 

After-Effect. 

From  left  eye  violet.  No  after-effect  from  right 
eye. 

Blue 

Colour  of 
Surrounding 
Objects. 

At  first  slight  rivalry  between  blue  and  green, 
which  soon  ceased.  Snow  and  yellow  building 
had  normal  appearance.  Sky  appeared  dark 
blue.  (It  was  really  light  blue-grey.)  Hand 
had  a  pallid  appearance. 

(No.  9) 

Colours  on 
Card. 

No.  2  appeared  dark  brown.  No.  i  dark  dirty 
brown.  No  good  red.  1  1  and  1  2  (green)  were 
blue-green. 

Colour  of 
Glasses. 

Could  not  tell  what  colours  he  had  on  his  eyes,  but 
there  seemed  a  tinge  of  blue  over  the  vision- 
field. 

After-Effect. 

Xo  after-effect. 
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TABLE  XXX — (CONTINUED). 


Colour 
B  afore 
Right  Eye 

Subject  of 
Report. 

RESULTS. 

Violet 
(No.  10) 

Colour  of 
Surrounding 
Objects. 

Everything  had  a  hazy  appearance  with  a  little 
violet  tinge.  Yellow  leaves  seemed  very  bright 
yellow.  Yellow  house  had  a  slight  tinge  of 
green.  Hands  looked  a  little  darker  than 
usual.  Occasionally,  looking  past  the  edge  of 
any  object,  e.g.,  chimney,  there  appeared  a 
purplish  tinge  approaching  red.  The  violet 
tinge  to  everything  disappeared  and  again  re-ap- 
peared. On  its  re-appearance,  the  hands  had  a 
distinct  purple  tinge,  and  experimenter's  lips 
were  slightly  blue. 

Colours  on 
Card. 

No.   12   (green)  was  yellow  with  slight  greenish 
tendency.     No.    17    (blue-  violet)   was   "  dark 
blue." 

Colour  of 
Glasses. 

On  right,  light  blue,  on  left  could  not  tell. 

After-Effect. 

Violet  from  left  eye,  no  effect  from  right  eye. 

Purple. 
(No.  12) 

Colour  of 
Surrounding 
Objects. 

(Experiment    performed    on    a    dull    day.)     A 
purplish  tinge  over  everything,  gradually  grow- 
ing lighter  ;  right  side  a  little  darker  than  left. 
Dark   yellow   leaves   appeared   bright   yellow. 
Face  looked  death-like,  lips  as  though  almost 
bloodless. 

Colours  on 
Card. 

No.  i  appeared  bronze  or  brownish-orange.  No. 
10  (yellow-green)  was  a  pale  yellow.  No.  12 
(green)  was  yellowish-blue.  Slight  lustre  from 
Nos.  2  and  3. 

Colour  of 
Glasses. 

On  right,  light  pink,  on  left,  very  light  pink. 

After-Effect. 

No  after-effect. 
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Colour. 

Subject  of 
Report. 

RESULTS. 

Right 
Eye. 

Left 
Eye. 

Mineral  Violet. 

jj 

«  i 

"2 
.1 

s 

Colour  of 
Surrounding 
Objects. 

The  whole  vision-field  had  a  purplish  tinge, 
and  the  light  was  dimmer.  Grass  where 
sun  shone  on  it  was  more  yellowish  than 
usual.  The  evergreen  tree  was  almost 
black.  The  relation  of  white  and  yellow  in 
the  yellow  house  (cornice,  etc.,  white)  was 
about  normal,  the  colour  being  darker  than 
remembered.  Sky  appeared  purplish,  the 
colour  being  more  prominent  on  suddenly 
turning  to  look  up  at  it.  Hands  had  an 
unnatural  appearance,  hardly  describable. 

Colour  of 
Glasses. 

Cannot  tell  anything  about  colour  of  glasses. 

After-Effect. 

Very  bright,  but  no  after-image. 

^ 

- 
o 

B 

a 

5 

o 

Colour  of 
Surrounding 
Objects. 

Sky  seemed  a  brownish-red,  getting  darker. 
Yellow  leaves  seemed  dark  brown  in  centre. 

B 

> 

B 

V 

ii 

Colours  on 
Card. 

No.  20  (purple)  was  purplish-red,  i  r  (green) 
was  normal. 

Colour  of 
Glasses. 

On  right  a  shade  of  red,  on  left,  green. 

After-Effect. 

Indefinite  impression  of  colour,  quickly  dis- 
appearing. No  distinction  between  the  sides. 

z 

u 

'J 
• 
5, 

jE 
1—1 

Yellow  (HITII  (u-latiiic  (No.  5) 

Colour  of 
Surrounding 
Objects. 

This  experiment  was  performed  on  a  dark  day. 
There  was  a  pinkish  tinge  gradually  growing 
lighter,  the  right  eye  being  a  little  darker 
than  the  other.  The  dark  yellow  leaves 
appear  light  yellow.  The  experimenter's 
face  appeared  corpse-like,  the  lips  bloodless. 

Colours  on 
Card. 

Nos.  2  and  3  had  lustre. 

Colour  of 
Glasses. 

On  right  eye  light  pink,  on  left,  very  light 
pink. 

Af  tor-Effect. 

Only  effect  is  that  on  removing  glasses  every- 
thing is  brighter. 

li 

3F 

Uncoli  Hired 
Glass 

Colour  of 
Surrounding 
Objects. 

This  experiment  was  performed  on  a  dull  day. 
On  opening  the  eyes  the  right  eye  seemed  to 
have  a  shade  of  yellow,  the  left  having  a  very 
slight  tinge  of  the  same  colour.  The  effect 
on  the  right  eye  seemed  to  be  growing 
weaker. 
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TABLE  XXXI. — CONTINUED. 


Colour. 

Subject  of 
Report. 

RESULTS. 

Right 

Eye. 

Left 
Eye. 

Mineral  Green. 

Uncoloured  Glass. 

Colour  of 
Glasses. 

In  right  eye  light  yellow,  in  left  very  indefinite, 
and  could  not  tell  what  colour  ,if  any. 

After-Effect. 

After  removing  glasses  and  blinking,  very 
faint  tinge  of  purple  (negative  after-image). 

Mineral  Blue 

Mineral  Yellow. 

Colour  of 
Surrounding 
Objects. 

On  opening  the  eyes  the  vision-field  seemed 
somewhat  darkened.  Rivalry  of  yellow 
and  blue  followed. 

Colours  on 
Card. 

No.  13  (green-blue)  was  a  pale  blue,  but  with 
no  green  in  it.  No.  13  (a  green  near  to 
yellow)  was  quite  yellow. 

Colour  of 
Glasses. 

On  right  violet  or  blue,  on  left,  cannot  tell. 

Gelatine  Orange  (No.  a  ) 

Mineral  Green. 

Colour  of 
Surrounding 
Objects. 

Everything  appeared  brighter,  with  pink 
shade.  The  yellow  house  is  rather  a  dark 
yellow.  The  colour  of  the  (green)  shutters 
could  not  be  determined.  The  experi- 
menter's face  had  a  bluish  tinge,  as  if  cold. 

Colours  on 
Card. 

Reds  had  lustre  effect.  No.  10  (yellow-green) 
was  "  light  green."  No.  13  (green-blue) 
was  a  greyish  blue. 

CGlaSes°f       On  ri£ht  e?e  blue'  on  left'  Sreen' 

Summary  of  Results,  i.  Competition  or  rivalry  of  the 
vision-fields  is  never  prominent.  In  some  cases,  on  first  open- 
ing the  eyes  there  was  a  slight  struggle  of  the  impressions, 
but  this  soon  ceased,  and  after  a  few  moments  the  competition 
was  no  longer  observable.  The  observer  was  frequently 
unable  to  distinguish  between  the  colours  of  the  two  glasses, 
even  when  attending  exclusively  to  this  point. 

2.  The  result  of  the  mixture  of  the  two  impressions  was 
not  usually,  as  with  the  former  method  of  binocular  mixture, 
to  produce  a  colour  midway  between  the  two  that  were  com- 
bined. Sometimes  the  total  impression  would  be  quite  near 
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to  the  quality  of  one  or  other  of  the  monocular  colours,  but 
even  when  it  was  quite  unlike  either  of  them  the  result  was 
not  always  that  produced  by  other  methods  of  mixing. 

3.  The  colour  quality  of  the  impression  was  usually  very 
vague.     Coloured  objects  in  the  field  of  vision  were  noticed 
to  have  a  different  appearance  from  that  remembered,  but  the 
attempt  to  tell  what  was  the  colour  of  the  glasses  before  the 
eyes  was  seldom  successful.     Often  it  was  only  concerning 
one  side  that  the  observer  could  give  a  decided  opinion.     Sel- 
dom  did   his   judgment   correspond  to   the   objective   facts. 
Sometimes  he  would  be  right  as  to  one  of  the  colours,  but 
wrong  as  to  the  other.     And  even  when  approximately  correct 
as  to  the  colours  of  both  glasses,  he  would  often  be  mistaken 
regarding  the  eyes  before  which  the  respective  colours  were 
presented. 

4.  The  rather  frequent  appearance  of  a  lustre  effect  is 
noteworthy.     This  phenomenon   appeared  only  upon  red   or 
orange-coloured  surfaces  (except  once  or  twice  with  purple) 
of  small  area.     It  was  mostly  upon  the  small  coloured  discs 
on  the  card  that  it  was   noticed.     It  was,  however,   quite 
plainly  seen  upon  the  very  small,  bright  red  leaves  of  ivy, 
growing  round  a  stone  chimney  just  outside  the  window. 

III.    STEREOSCOPIC    LUSTRE    FROM    DIFFERENCE    OF    INTENSITY 
AND   OF   COLOUR   BETWEEN   THE   RETINAL   IMAGES. 

In  the  previous  article,  dealing  with  the  intensity  relations 
of  stereoscopic  vision1  there  were  described  some  experiments 
upon  the  production  of  lustre  by  differences  of  brightness 
between  the  images  in  the  two  eyes.  A  further  problem  in 
that  connection  was  suggested  by  the  results  of  the  experi- 
ments in  binocular  mixture  of  colours,  reported  in  a  preceding 
section  of  the  present  article.  As  mentioned  there,  there 
occurred  quite  frequently  a  lustre  effect,  which,  upon  closer 
examination,  appeared  to  be  due  to  differences  of  intensity 
so  slight  as  to  have  otherwise  passed  unnoticed.  In  the 

1  University  of  Toronto  Studies.  Psych.  Series,  Vol.  ii,  Xo.  2. 
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experiments  upon  stereoscopic  lustre  with  uncoloured  light, 
such  very  slight  differences  of  brightness  had  not  been  found 
to  produce  the  phenomenon,  so  that  it  seemed  probable  that 
the  effect  would  appear  with  smaller  differences  of  brightness 
where  there  is  also  a  decided  difference  of  colour.  This  ques- 
tion was  investigated  by  a  method  similar  to  that  employed 
in  the  experiments  with  white  light,  the  only  difference  being 
that  on  the  rear  wall  of  the  apparatus,  in  place  of  the  squares 
of  white  paper  and  black  velvet  respectively,  there  were 
placed  squares  of  differently  coloured  paper.  The  objects 
were,  as  before,  etchings  on  plate  glass  (Fig.  4).  The  two 
pairs  used  both  formed  truncated  pyramids  with  the  apices 
toward  the  observer.  Seven  colours  were  used,  chiefly  of  the 
Milton- Bradley  series,  viz.,  red,  orange,  yellow,  green,  blue, 
violet,  and  purple.  These  were  illuminated  by  an  8  c.p. 
incandescent  electric  lamp  on  eachside  of  the  apparatus.  The 
colours  obtained  by  this  arrange-ment  were  of  course  by  no 
means  spectrally  pure,  but  they  possessed  the  additional  in- 
terest of  being  more  like  the  colours  commonly  seen.  The 
spectra  reflected  by  the  papers  under  the  prevailing  con- 
ditions of  illumination,  and  their  comparative  intensities, 
were  as  follows  : — 


Name  of  Colour. 

Comparative 
Intensity. 

Portion  of  Spectrum  Visible  in  /*•/* 

Red  

760 

680—480    (640) 

Orange  

•360 

67O—  CCO     (<QO—  600) 

Yellow  

•3  IO 

670—500    (c7o) 

Green  

T.2O 

6co—  coo   (c'lo—  C4.o^ 

Blue  

12  C 

Whole  spectrum  dimly  visible  (500). 

Violet  ... 

180 

Whole  spectrum  visible  —  yellow  and  yel- 

Purple. . 

1  80 

low-green  very  weak. 
Whole     spectrum     visible  —  yellow     and 

green  weak. 

One  colour  being  placed  opposite  the  inner  lens  of  the 
stereoscope,  i.e.,  the  one  before  which  the  episkotiste^  disc 
revolved,  and  a  different  one  opposite  the  other  lens,  the  disc 
was  then  adjusted  to  admit  only  a  single  degree  of  light,  and 
the  amount  gradually  increased  to  the  largest  amount  that 
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the  disc  was  capable  of  admitting,  viz.  320°,  at  which  point 
no  difference  could  be  noticed  between  the  effect  and  that 
of  the  full  light.  Then  the  colour  on  the  unobscured  side 
was  replaced  by  another,  and  so  on  until  all  of  the  other  six 
colours  had  been  combined  with  the  partially  obscured  one. 
Then  another  colour  was  placed  behind  the  disc,  and  each 
of  the  others  combined  with  it,  as  before.  By  this  means  each 
of  the  seven  colours,  in  all  degrees  of  brightness,  was 
combined  with  each  of  the  others.  The  results  are 
summarized  in  Tables  XXXII  to  XLV,  which  show  also  the 
amounts  of  light  which  had  to  be  admitted  through  the  disc 
for  the  production  of  any,  and  of  complete  stereoscopic  com- 
bination. With  regard  to  lustre  also,  the  figures  indicate 
the  smallest  opening  of  the  disc  with  which  it  appears  at  all, 
and  the  least  opening  with  which  it  is  complete.  Wherever 
the  lustre  was  reported  as  "decided"  or  "perfect"  it  continued 
so,  as  the  opening  of  the  disc  widened,  even  up  to  360°. 
The  colour  named  in  the  heading  of  the  table  is  in  each  case 
the  colour  before  which  the  episkotister  was  rotated;  the 
colours  indicated  in  the  first  column  of  the  tables  are  those 
combined  with  it. 

Two  series  were  also  made  in  the  same  way,  combining 
white  with  coloured  light.  In  one  of  these  the  white  was 
behind  the  episkotister,  and  the  colour  remained  constant 
in  intensity,  in  the  other  the  white  was  constant  and  the 
colours  behind  the  disc.  The  results  are  shown  in  Tables 
XLVI-XLVII. 
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TABLE  XXXII.— RED.     OBSERVER,  W.A.M. 


Compared 
Colour. 

Opening  of  the 
Episkotiater 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eye*. 

Lustre. 

Stereoscopic  Effect. 

Orange. 

10° 

20° 

40° 
60° 

36.00 
18.00 
9.00 
6.00 

None. 
Slight. 
Brighter. 
Good. 

Partial. 
Do. 
Good. 
Do. 

Yellow. 

3°° 
60° 

100° 

io-33 
5-i6 
3.10 

None. 
Slight. 
Decided. 

Imperfect. 
Good. 
Do. 

Green. 

8° 

10° 

60° 

100° 

40  .00 

32.00 

5-33 
3.20 

None. 
None. 
Slight. 
Perfect 

Partial. 
Complete. 
Do. 
Do. 

Blue. 

10° 
20° 

12.50 
6.25 

1  None 
/  occurs. 

Partial. 
Good. 

Violet 

10° 

30° 

18.00 
6.00 

1  None 
/  occurs. 

Partial 
Good. 

Purple 

10° 

40° 

18.00 
4-5° 

\None. 
/occurs. 

Partial. 
Good. 
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TABLE  XXXIII. — ORANGE.     OBSERVER,  W.A.M. 


Ratio  of  the  in- 

Compared           Opening  of  the      tensities  of  the 

Colour.                Episkotbter 

objects  presented 

Lustre. 

Stereoscopic  Effect. 

Disc. 

to  the  respective 

Eyes. 

6° 

60.00 

None. 

Poor. 

Red.                            I2° 

40° 

30.00 
9.00 

Do. 
Slight. 

Distinct. 
Do. 

160° 

2.25 

Distinct. 

Do. 

8° 

Yellow. 
20 

38-75 
I5-50 

1  None 
/occurs. 

With  effort. 
Good 

Green. 

10° 
20° 

32.00 
16.00 

1  None 
j  occurs. 

With  effort. 
With  ease. 

8° 

1^.62             None. 

Partial. 

Blue. 

Ki- 

2.50             Do. 
2.08            Slight. 

Good. 
Do. 

90° 

1.38            Decided. 

Do. 

10° 

18.00            None. 

Poor. 

Violet 

3°o 
70° 

6.00 
2-57 

Do. 
Faint. 

Good. 
Do. 

120° 

1.50            Uncertain. 

Do. 

10° 

18.00            None. 

Partial. 

3°° 

6.00              Do. 

Complete 

Purple. 

?o° 

2.57            Slight. 

Do. 

100° 

i  .  80           Decided. 

Do. 
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TABLE  XXXIV.— YELLOW.     OBSERVER,  W.A.M. 


Ratio  of  the  in- 

Compared 
Colour. 

Opening  of  the 
Episkotister 

tensities  of  the 
objects  presented 

Lustre. 

Stereoscopic  Effect. 

Disc. 

to  the  respective 

Eyes. 

10° 

41  .80 

None. 

Partial. 

Red. 

I5o 
30° 

24.64 
13-93 

Slight. 
Better. 

Do. 
Good. 

40° 

10.45 

Good. 

Do. 

Orange. 

10° 

30° 

41  .80 
13-93 

1  None 
J  occurs. 

Partial. 
Good. 

10° 

37-I6 

Slight. 

None. 

Green. 

30° 

12.38 

Good. 

Partial. 
(Never  becomes 

perfect) 

6° 

24.19 

None. 

Poor. 

Blue. 

15° 
60° 

9.67 
2.41 

Do. 

Slight. 

Good. 
Do. 

90° 

1.61 

Decided. 

Do. 

Violet 

8° 
15° 

25-80 
13-93 

\  None 
{  occurs. 

Partial. 
Good. 

6° 

34.83 

None. 

Partial. 

15° 

13-93 

Do. 

Do. 

Purple 

?o° 

3-i5 

Slight. 

Perfect. 

90° 

2.03 

Good. 

Do. 
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TABLE  XXXV. — GREEK.     OBSERVER,  W.A.M. 


Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

IO° 
2O° 
60° 

IOO° 

39-75 
19.87 
6.65 
3-97 

None. 
Do. 
Slight. 
Perfect. 

Partial. 
Complete. 
Do. 
Do. 

Orange. 

10° 

40° 
60° 
160° 

39-75 
9-95 
6.65 
2.49 

None. 
Do. 

Little. 
None. 

Inconstant. 
Perfect. 
Do. 
Do. 

Yellow. 

8° 
15° 

43.60 
23-25 

\  No  decided 
/lustre  appears 

Partial. 
Good. 

Blue. 

8° 

17-57 

\  None 
i  appears. 

Complete  effect 
appears  at  once. 

Violet. 

8° 

20° 

25-31 

IO.  12 

|  No  appear- 
•ance  of  lustre 
j  at  all. 

Imperfect. 
Complete. 

Put  pie. 

I5l 

40° 

I3-50 

5  -°6 

\  None 
/  appears. 

With  effort. 
With  ease. 
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TABLE  XXXVI.— BLUE.     OBSERVER,  W.A.M. 


Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre 

Stereoscopic  Effect 

Red. 

I5o 

50° 

80° 
90° 

70.72 
20.73 

12  .  96 
11.52 

None. 
Do. 
Little. 
None. 

Poor. 
Partial. 
With  effort. 
Perfect. 

Orange. 

20° 
60° 

9°o° 
220° 

51.84 
17.28 
11.52 

4-79 

None. 
Little. 
Better. 
Very  good. 

Partial. 
Complete. 
Do. 
Do. 

Yellow 

6° 

10° 

40° 

148.80 
89.28 
22.32 

None. 
Do. 
Slight. 
(Never  be- 
comes good.) 

Partial. 
Complete 
Do. 

Green. 

15° 
60° 
140° 

61.48 
15-36 
6.58 

None. 
Little. 
None. 

With  effort. 
(Never  com- 
bine perfectly.) 

Violet. 

6° 

i5° 

86.40 
34-56 

\None 
j  appears. 

Difficult. 
Perfect. 

Purple. 

60° 

8.64 

None. 

With  effort,  and 
so  throughout. 
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TABLE  XXXVII.— VIOLET.     OBSERVER,  W.A.M. 


Compared 
Colour. 

%ning  of  the 
•  ister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

-°: 
140 

10.28 
5-14 

'  Xone. 

Partial. 
Complete. 

Orange. 

20° 

70° 

36.00 
10.28 

>  Xone. 

Partial. 
Complete. 

Yellow. 

40° 
60° 

'5-5° 

10.36 

-  Xone. 

Partial. 
Complete. 

Green. 

20° 

30° 

32.00 
2i-33 

]•  Xone. 

Partial. 
Complete. 

Blue. 

30° 
80° 

8-33 
j           3-12 

•  Xone. 

Partial. 
Complete. 

Purple. 

I5o 
40° 

90° 

24.00 
9.00 
4.00 

Xone. 
Slight. 
Very  fair. 

Partial. 
Better. 
Complete. 

TABLE  XXXVIII.— PURPLE.     OBSERVER,  W.A.M. 


Compared 
Colour. 

Opening  of  the 

Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

20° 
90° 

36.00 
8.00 

[  None. 

Partial. 
Good. 

Orange. 

60° 
90° 

36.00 

12  .OO 

8.00 

Xone. 
Slight. 
Decided. 

Imperfect. 
Complete. 
Do. 

Yellow. 

3°o 

7°o 
IOO 

20.66 

8.85 

6.  20 

Xone. 
Xone. 
Slight.  (Never 
becomes  good. 

Partial. 
Good. 
Do. 

Green. 

80° 
I  2O° 

8.00 
5-33 

J-  Xone. 

Partial. 
Perfect. 

Blue. 

60° 

4.16 

Xone. 

At  once 
complete. 

Violet. 

10° 
20° 
3°° 
60° 

36.00 
18.00 

12  .OO 

6.00 

Xone. 
Slight. 
Do. 
Good. 

Partial. 
Do. 
Good. 
Do. 
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TABLE  XXXIX.— RED.     OBSERVER,  P.B.T. 


Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Orange. 

10° 
I  2*° 

30° 

36.00 
29.60 
12  .00 

None. 
Slight. 
Good. 

Partial. 
Do. 
Complete. 

Yellow. 

10° 
20° 
5°° 

31.00 
I5-50 

6.  20 

None. 
Slight. 
Good. 

Complete. 
Do. 
Do. 

Green. 

12° 
20° 
80° 

26.66 

16.00 
4.00 

None. 
Do. 
Partial. 

Slight. 
Good. 
Do. 

Blue. 

10° 

23° 

12.  50 

5-43 

None. 
Do. 

Partial. 
Complete. 

Violet. 

6° 

I7*o 

30° 

30.00 
10.28 
6.00 

None. 
Do. 
Good. 

Partial. 
Complete. 
Do. 

Purple. 

ISo 
30° 

12  .OO 

6.00 

None. 
Do.  - 

Partial. 
Complete. 
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TABLE  XL. — ORANGE.     OBSERVER,  P.B.T. 


Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eye«. 

Lustre. 

Stereoscopic  Effect. 

Red. 

6° 
150° 

60.00 
2.40 

None.                    Complete. 
"Traces.                        DC. 

Yellow. 

10° 
20° 

31.00 
16.50 

None.                    Partial. 
Do.                      Complete. 

Green. 

10° 
60° 

32.00 
5-33 

None. 
Same,  never 
becomes  good. 

Complete. 
Do. 

Blue. 

6° 

12° 
20° 

20.83 
10.41 
6.25 

None. 
Fair. 
Good. 

Complete. 
Do. 
Do. 

Violet. 

12° 
200° 

15.00 
i  .  1  1 

None. 
*Slight  traces. 

Complete. 
Do- 

Purple. 

6° 

I5l 

50° 

60° 

30.00 

12  .OO 
3.60 
3-00 

None. 
Do. 
Do. 
Slight. 

Slight. 
Fair. 
Good. 

*  Hard  to  distinguish  lustre  from  brightness  of  the  object. 
**  Increases  with  greater  intensity  of  Orange,  but  never  becomes  very  decided. 
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TABLE  XLI. — YELLOW.  OBSERVER,  P.B.T. 


Compared 
Colour. 

Ratio  of  the  in- 
Opening  of  the  j   tensities  of  the 
Episkotister      objects  presented 
Disc.           ito  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

8° 
40° 
1  00° 

52-25 
10.45 
4.18 

Slight. 
Good. 
Very  good. 

Slight. 
Complete. 
Do. 

Orange. 

6° 
15° 

69.67 
27.87 

None. 
Do. 

Partial. 
Complete. 

Green. 

»  i° 

29.72 

None. 

Complete. 

Blue. 

6° 

10° 

24.19 
14-  51 

None. 
*Slight. 

Imperfect. 
Complete. 

Violet. 

6° 

10° 

130° 

34-83 
20.25 

i-55 

None. 
Do. 
Extremely 
Slight. 

Partial. 
Complete. 
Do. 

Purple. 

8° 

3°o 

50° 

25.48 
6.96 
4.18 

None. 
Do. 

Slight. 

Partial. 
Good. 
Do. 

*  Above  10°  there  was  lustre — sometimes  more,  sometimes  less  decided — but  never  perfect. 


TABLE  XLII.— GREEN.     OBSERVER,  P.B.T. 


Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

8° 

12° 

160° 

50  .  62 
33-74 
2-53 

None. 
Do. 
Very  slight. 

Partial. 
Complete. 
Do. 

Orange. 

12° 

40° 

33-75 

IO.  12 

None. 
Do. 

Partial. 
Complete. 

Yellow. 

I5o 

40° 

23-25 
8.72 

None. 
Do. 

Partial. 
Complete. 

Blue. 

10° 

14  .  06 

None. 

Complete. 

Violet. 

10° 

15° 

20.  25 
I3-50 

None. 
Do. 

Imperfect. 
Complete. 

Purple. 

12° 

20° 
60° 

16.89 
IO.  I  I 

3-37 

None. 
Do. 
Faint. 

Partial. 
Complete. 
Do. 
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Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented            Lustre.             Stereoscopic  Effect, 
to  the  respective 
Eyes. 

Red. 

8° 
3°° 

129.60 
34-56 

None. 
Do. 

Partial. 
Complete. 

Orange. 

20° 

40° 

70° 

51.84 
25.92 

14-83 

None. 
Slight. 
Good. 

Partial. 
Complete. 

Yellow. 

8° 

i            "° 

in  .60 
89.28 

None. 
Slight,  never 
becomes  good 

Partial. 
Complete. 

Green. 

25° 

36.80 

None. 

*Complete. 

Violet. 

20° 

50° 

25.92 
10.36 

Xone. 
Do. 

*Partial. 
Complete. 

Purple. 

5°: 

9° 

10.36 
5-/6 

Xone. 
Do. 

*Slight. 
Fair. 

*Blue  very  dark,  lines  not  clearly  visible  with  smaller  openings. 


TABLE  XLIV. — VIOLET  .     OBSERVER,  P.B.T. 


Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented' 
:o  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

8° 

20° 

60° 

90.00 
36.00 
12  .00 

Xone. 
Slight. 

Imperfect. 
Complete. 
Do. 

Orange. 

20° 
60° 

ioo°-i6o° 

36.00 

12  .00 
7.20-4.50 

Xone. 
Do. 
*Faint. 

Imperfect. 
Complete. 
Do. 

Yellow. 

8° 

20° 

60° 

190° 

77-5° 
31.00 

io-33 

3-55 

Xone. 
Do. 
Faint. 
Disappears. 

Partial. 
Complete. 
Do. 
Do. 

Green. 

10° 
20° 

64.00 
32.00 

Xone. 
Do. 

Partial. 
Complete. 

Blue. 

g 

16.66 
3-i2 

None. 
Very  faint. 

Complete. 
Do. 

Purple. 

'  g 

24.00 
5-14 

Xone. 
Do. 

Fair. 
Perfect. 

'Gradually  fades  as  opening  increases  beyond  160  degrees. 


[237] 


74 


ROBINSON  :   STEREOSCOPIC  VISION 


TABLE  XLV. — PURPLE.     OBSERVER,  P.B.T. 


Compared 

Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

12° 
70° 

6o.OO 
10.28 

None. 
Do. 

Partial. 
Complete. 

Orange. 

<50° 

20 
60° 

48.00 
36.00 

12  .OO 

None. 
Fair. 
Do. 

Partial. 
Do. 
Complete. 

Yellow. 

12° 

I?*' 

20° 

52  .00 

36.51 
31.00 

None. 
Slight. 
Do. 

Imperfect. 
Do. 
Complete. 

Green. 

12° 
20° 
5° 

53-33 
32.00 
12.80 

None. 
Do. 

Slight. 

Partial. 
Complete. 
Do. 

Blue. 

20° 
120° 

12.50 
2.08 

None. 
Do. 

Complete. 
Do. 

Violet. 

20° 
2400 

18.00 

I  .  12 

Faint. 
Increases, 
but  still  weak  . 

Complete. 
Do. 
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TABLE  XLVI.— WHITE.     OBSERVER,  W. 
(WHITE  CHANGING  IN  INTENSITY,  COLOUR  CONSTANT.) 


Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

Ratio  of  the  in- 
tensities of  the 
objects  presented 
to  the  respective 
Eyes. 

Lustre. 

Stereoscopic  Effect. 

Red. 

1° 

4° 
28° 

2IO°-270° 

360.00 
90.00 
12.85 
I-7I-I-33 

None. 
Do. 
Faint. 
Good. 

Partial. 
Complete. 
Do. 
Do. 

Orange. 

2° 
9° 

180.00 
40.00 

None. 
Faint  (never 
becomes  good) 

Complete. 
Do. 
Do. 

Yellow. 

2° 

10° 

155-°° 
31  .00 

None. 
Slight. 

Complete. 
Do. 

Green. 

4° 

10° 

260° 

80.00 
32.00 
1-23 

None. 
Faint. 
Very  good. 

Complete. 
Do. 
Do. 

Blue. 

2° 

6° 
i5° 

62.50 
20.83 
8-33 

None. 
Slight. 
Very  fair. 

Complete. 
Do. 
Do. 

Violet. 

2° 

4° 

Jt 

2S°° 

90.00 
45.00 

2S-7I 
1.63 
.72 

None. 
Do. 
Slight. 
Brighter 
Good. 

Partial. 
Complete. 
Do. 
Do. 
Do. 

Purple. 

1° 

4° 
8° 

3°° 
80° 

180.00 
45.00 

22.  50 
6.OO 
2.  22 

None. 
Do. 
Slight. 
Better. 
Very  good. 

Partial. 
Complete. 
Do. 
Do. 
Do. 

[239] 


ROBINSON  :   STEREOSCOPIC  VISION 


TABLE  XLVII. — WHITE.     OBSERVER,  W. 
(WHITE  CONSTANT  IN  INTENSITY,  COLOUR  CHANGING). 


Ratio  of  the  in- 

Compared 
Colour. 

Opening  of  the 
Episkotister 
Disc. 

tensities  of  the 
objects  presented 
to  the  respective 

Lustre. 

Stereoscopic  Effect. 

Eyes. 

2° 

180.00 

None. 

Imperfect. 

Red. 

4° 
8° 

90  .  oo 
45.00 

Do. 

Slight. 

Complete. 
Do. 

95° 

3.78 

Very  good. 

Do. 

2° 

180.00 

None. 

Complete. 

Orange. 

8° 

45.00 

Slight. 

Do. 

24° 

15.00 

Fair. 

Do. 

Yellow. 

2° 
10° 

209.03 
41  .  80 

None. 
Slight. 

Complete. 
Do. 

130° 

3.21 

Fair. 

Do. 

2° 

202  .  50 

None. 

Partial. 

Green. 

4° 
1  6° 

65° 

101.25 

25-31 
6.23 

Do. 

Slight. 
Fair. 

Complete! 
Do. 
Do. 

i° 

1036.80 

None. 

Imperfect. 

Blue. 

j: 

345-6° 
172  .80 

Do. 
Slight. 

Complete. 
Do. 

100° 

10.36 

Fair. 

Do. 

Violet. 

2° 

14° 

360.00 
51.42 

None. 
Slight. 

Complete. 
Do. 

i° 

720.00 

None. 

Imperfect. 

4° 

180.00 

Extremely 

Complete. 

Purple. 

faint. 

12° 

60.00 

Slight. 

Do. 

100° 

7  .  20 

Good. 

Do. 
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Results  :  Comparison  of  the  results  of  these  experiments 
with  those  of  the  similar  experiments  in  white  light  shows 
some  very  interesting  points  of  difference. 

(i)  With  a  considerable  number  of  combinations  no  lustre 
appeared,  no  matter  what  the  difference  of  intensity.  (The 
limits  were  from  equality  to  a  ratio  of  i  to  720).  This  seems 
difficult  to  account  for,  the  more  so  as  there  is  not  very  much 
regularity  as  to  the  colour  combinations  with  which  the  lustre 
appears  or  fails.  On  the  whole,  it  may  perhaps  be  said  that 
in  most  of  the  cases  where  no  lustre  appears  the  colours  are 
either  somewhat  near  each  other  in  quality,  so  as  to  mix 
readily,  or  else  are  nearly  complementary,  so  as  to  produce 
the  strongest  rivalry.  The  number  of  experiments,  however, 
was  not  great  enough,  nor  the  regularity  of  the  results  suffi- 
cient, to  make  this  induction  conclusive. 

2.  Lustre  does  occur  in  many  cases  with  smaller  differences 
of  brightness  between  the  two  retinal  impressions  than  were 
required  with  uncoloured  light  to  produce  it.     As  before  ob- 
served, when  "good"  lustre  was  once  seen  it  continued  till 
the  disc  was  opened  to  its  fullest  extent.     And  in  some  cases, 
as  when,  lor  example,  red  was  behind  the  disc  and  green  on 
the  other  side,  this  meant  that  the  intensities  were  practically 
equal.     The  lustre  was  frequently  reported  as  "good"  or  ''de- 
cided" when  the  intensities  of  the  images  were  about  as  3 
or  4  to  i.     With  uncoloured  light,  on  the  contrary,  no  lustre 
at  all  appeared  unless  one  retinal  image  was  from  \y2  to  3 
times  as  bright  as  the  other;  and  "good"  lustre  required  a 
ratio  of  at  least  9  or  10  to  i. 

3.  Lustre  does  not  occur  with  as  great  differences  of  in- 
tensity in  coloured  as  in  uncoloured  light.     That  is  to  say, 
the  upper  limit  is  much  lower  with  coloured  light.     The  lustre 
was  scarcely  ever  good  when  one  impression  was  more  than 
10  or  12  times  as  bright  as  the  other,  and  a  ratio  of  about 
50  to  i  is  the  extreme  upper  limit  for  the  appearance  of  any 
lustre  at  all.     With  uncoloured  light,  on  the  other  hand,  the 
upper  limit  for  good  lustre  varied  from  375  to  920  to  i  and 
for  any  lustre  at  all  the  upper  limit  was  about  1900  to  i. 
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4.  The  opening  of  the  disc  required  for  the  production  of 
the  stereoscopic  effect  is  greater  when  the  images  differ  in 
both  colour  and  brightness  than  when  they  differ  in  brightness 
only.  The  complete  combination  often  required  an  opening 
of  30°  or  40°,  or  even  more,  while  not  even  a  partial  or  in- 
constant combination  in  many  cases  appeared  with  an  opening 
less  than  15°  or  20°;  whereas  reference  to  the  corresponding 
tables  regarding  uncoloured  light  shows  that  a  partial  stereo- 
scopic effect  appeared  with  an  opening  of  i1/?0  to  9°,  and  the 
complete  effect  did  not  require  an  opening  greater  than  14° 
to  1 8°.  From  Tables  XLVI  and  XLVII  it  will  be  seen  that 
this  phenomenon  re-appears  even  in  the  combination  of  white 
and  coloured  light.  A  partial  stereoscopic  effect  was  fre- 
quently seen  with  an  opening  of  only  i°,  and  complete  stereo- 
scopic combination  commonly  did  not  require  more  than  4°. 
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24.1  Stereoscopic  vision  and  its 

R6  relation  to  intensity  and 

quality  of  light  sensation 
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